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*****
The object of the present investigations is to 
trace, as far as possible, the earliest stages of 
development of the main blood vessels and of the 
heart in ferret embryos, Eefore the details of the 
Reconstructions are given and the conclusions to 
which they tend are discussed, it will be profitable 
to consider briefly the investigations which have 
already been made regarding the formation of the 
intra-embryonic vessels and the early stages of the 
development of the heart in mammals generally. It 
may be pointed out at once that the phenomena 
observed are, of necessity, closely associated with 
the early stages of development of the pericardium 
and are connected with the mode of development of 
the pre-umbilieal portion of the body of the embryo.
DEVELOPMENT OF THE BLOOD VESSELS.
(Review of Literature.)
In attempting to trace the first formation of 
the intra-embryonic blood vessels, it is necessary 
to begin with the development of the extra-embryonic 
blood vessels, indeed, to go back to the formation 
of the first rudiment of blood vessels and blood 
cells of the yolk-sac. The question of the origin
of/
INTRODUCTION
of the vascular rudiment is one of the most obscure 
in the realm of comparative embryology. Even the 
lowest vertebrates, which present the greatest 
simplicity in their structures and whose development 
is most easily understood, have failed us in this 
question. For Hatschek(88) who has made exhaustive 
studies of the development of Amphioxus, has 
designated the blood vessels as the only system of 
organs concerning which he was unable to form any 
definite conclusion.
There has been great diversity of opinion
rowregarding the germ layer^which the vascular endo­
thelium and blood cells arise. In the literature 
it may be found that certain competent investigators 
have in each vertebrate class claimed the vascular 
endothelium and blood cells to be derived from 
entoderm, while other workers of equal authority 
have found the vessels and corpuscles to arise from 
the mesoderm. The consistency of the disagreements 
which are to be found in a review of this literature 
is most pecxiliar. These disagreements have their 
foundation mainly in the extreme difficulty of the 
problem when investigated on fixed or unfixed 
material. It is to be noted that in no case has an 
author stated that the blood cells and vascular 
endothelium are derived from different germ layers. 
Each author always takes the position that blood
cells/
( 3 )
c e l l s  and v a s c u l a r  e n d o th e l iu m  a r i s e  from e i t h e r  
th e  mesoderm or  t h e  entoderm.
Z i e g l e r ( 8 7 ) ,  i n  an e a r l i e r  paper ,  e x p r e s s e s  
t h e  v i e w  t h a t  "the  sy s tem  o f  b lo o d  v e s s e l s  and t h a t  
o f  th e  ly m p h a t i c  v e s s e l s  are  produced i n  t h e i r  f i r s t  
fundamente from remnants  o f  th e  primary body c a v i t y  
( b l a s t o c o e l ) ,  which  a t  th e  g e n e r a l  d i s t r i b u t i o n  o f  
th e  f o r m a t i v e  t i s s u e ( m e s o d e r m )  remain beh in d  as  
v e s s e l s ,  l a c u n a e ,  or  i n t e r s t i c e s ,  and are  c l o s e d  by 
t h a t  t i s s u e  and i n c o r p o r a t e d  i n  i t " .  T h is  au thor  
t h e r e f o r e  a g r e e s  w i t h  B ü t s c h l i ( 8 2 )  t h a t  in  a l l  
m etazoa  th e  b lo o d  v a s c u l a r  sy s tem  has  i t s  o r i g i n  
from th e  b l a s t o c o e l .  On t h e  o t h e r  hand F e l i x ( 9 7 ) ,  
i n  h i s  s t u d i e s  on th e  Salmonidae  i n c l i n e s  t o  the  
b e l i e f  t h a t  th e  c i r c u l a t o r y  sy s te m  i s ,  from a d e v e l -  
opmental  p o i n t  o f  v i e w ,  c l o s e l y  r e l a t e d  w i t h  th e  
coe lom .  Z i e g l e r  f u r t h e r  s u g g e s t s  t h a t  i t  may be 
t h a t  t h e  b lo o d  rudiment  i n  p h y lo g en y  has  been p a ssed  
t o  th e  mesoderm from th e  entoderm, and f o r  t h i s  
r e a s o n  th e  en toderm al  o r i g i n  may sometimes  o c cu r  in  
c o e n o g e n e t i c  d e v e lo p m e n t .
In th e  r e p t i l e s ,  S t r a h l ( 8 3 ) ,  in  th e  b i r d s ,  
K o l l i k e r ( 8 4 ) ,  in  th e  s e l a c h i a n s ,  Z i e g l e r ( 9 2 )  and in  
mammals, K o l l i k e r ( 8 4 ) ,  a l l  c la im  t h a t  th e  f i r s t  
v e s s e l  ru d im en ts  a r e  found in  th e  mesoderm and n o t  
betw een  th e  mesoderm and entoderm. The c u r r e n t  v iew  
which i s  h e l d  by most  i n v e s t i g a t o r s  i s  t h a t  in  
embryos o f  th e  h i g h e r  v e r t e b r a t e s ,  th e  f i r s t
v a s c u l a r /
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v a s c u l a r  ru d im en ts  which  can he i d e n t i f i e d  as  th e  
f o r e - r u n n e r s  o f  th e  b lo o d  v e s s e l s  and b lo o d  c e l l s ,  
ap p ea r ,  a t  f i r s t ,  i n  th e  form o f  l o c a l i z e d  c e l l  
cord s  l y i n g  upon th e  y o l k - s a c  b e tw een  th e  mesodermic  
t i s s u e  and th e  entoderm .  His(OO) g i v e s  th e  name o f  
A n g i o b l a s t  t o  t h e s e  l o c a l i z e d  c e l l  c o r d s .  The 
g e n e t i c a l  o r i g i n  o f  th e  a n g i o b l a s t  i s  sub j u d i c e .
Upon t h e  q u e s t i o n  as  t o  w hether  th e  a n g i o b l a s t  
i s  t o  be l o o k e d  upon as  a d e r i v a t i v e  o f  t h e  mesoderm,  
o r  as  an o f f - s h o o t  from th e  entoderm, o p i n i o n s  a g a in  
d i v e r g e .  In s u p p o r t  o f  t h e  mesodermic o r i g i n ,  th e  
names o f  Maximow(09), W e i d e n r e i c h ( l C ) ,  E v a n s ( l 2 ) ,  
Riickert  and M o l l i e r ( C 6 )  are  o f  p rom inence ,  w h i l e  th e  
a d v o c a t e s  o f  t h e  e n to d er m ic  t h e o r y  a re  t o  be found  
in  th e  p e r s o n s  o f  K o l l i k e r ( 8 2 ) ,  R o b i n s o n ( 9 2 ) ,  
K e i b e l ( 8 8 )  and Van der  S t r i c h t ( 9 9 ) .  M iss  P a r k e r ( l 5 ) ,  
i n  th e  c o u r s e  o f  h e r  i n v e s t i g a t i o n s  i n t o  th e  d e v e l ­
opment o f  th e  h e a r t  in  m a r s u p i a l s ,  adm its  th e  
p o s s i b i l i t y  o f  t h e  entodermal  o r i g i n  o f  th e  endo-  
t h e l i u m ,  f o r  she  f i n d s  c l e a r  e v i d e n c e  o f  p r o l i f e r a ­
t i v e  a c t i v i t y  on th e  p a r t  o f  th e  entoderm o f  the  
a r e a  v a s c u l o s a .  M i n o t ( l 2 ) ,  however ,  i n c l i n e s  
s t r o n g l y  t o  th e  o p i n i o n  " th a t  th e  mesoderm i s  formed  
f i r s t  and t h a t  th e  a n g i o b l a s t ,  added l a t e r ,  n o t  
th ro u g h  t r a n s p o s i t i o n  and t r a n s f o r m a t i o n  o f  mesoderm­
i c  c e l l s  a l r e a d y  p r e s e n t ,  but from c e l l s  which  
s e p a r a t e  from th e  y o l k ,  or  from th e  l a y e r  o f  y o lk
c e l l s ,
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c e l l s ,  and form a r e t i c u l a t e  g r o u p in g  o f  t h e m s e lv e s  
betw een  t h e  m id d le  and lo w e r  germ l a y e r s " .
In a l l  o f  th e  n o n - p e l a g i c  bony f i s h  eggs  
i n v e s t i g a t e d  up t o  now, i t  i s  s t a t e d  t h a t  th e  c h i e f  
b lo o d  fo rm in g  c e l l s  a r e ,  w i t h o u t  e x c e p t i o n ,  t o  be 
found i n  a d e f i n i t e  mass o f  c e l l s  w h ich ,  in  th e  
T e l e o s t  embryo, i s  v e r y  c h a r a c t e r i s t i c  and i s  l o c a t e d  
i n  th e  caudal  h a l f  o f  t h e  b od y; betw een  th e  n o toch ord  
and t h e  g u t | e x t e n d i n g  w e l l  i n t o  th e  t a i l  r e g i o n .  I t  
i s  c la im e d  t h a t  t h i s  s o - c a l l e d  » in t e r m e d ia t e  c e l l  
mass '  forms b oth  v e s s e l s  and b lo o d  c e l l s .
In Fun d u lu s ,  S t o c k a r d ( l 5 )  f i n d s  t h a t  v a s c u l a r  
e n d o t h e l iu m  does  a r i s e  i n  s i t u  i n  many p a r t s  o f  th e  
em bryonic  body in  w hich  b lo o d  c e l l  rud im ents  are  n o t  
p r e s e n t ,  and t h a t  in d e p e n d en t  b l o o d  i s l a n d s ,  h a v in g  
no c o n n e c t i o n  w i t h  t h e  i n t e r m e d i a t e  c e l l  m ass ,  are  
found on th e  y o l k - s a c ,  and even  i n  e x t r e m e ly  young
embryos b lo o d  i s l a n d s  may appear on th e  v e n t r a l  y o lk
,
s u r f a c e  a t  a g r e a t  d i s t a n c e  away from th e  i n t e r -  
m e d ia te  c e l l  m ass .  The y o l k - s a c  v e s s e l s  seem to  
a r i s e  by a g g r e g a t i o n  o f  wandering  mesenchymal c e l l s .  
C e r t a in  o f  t h e s e  c e l l s  e l o n g a t e  and group t h e m s e lv e s  
in  such  a way as  t o  form v e s s e l  t u b e s .  He s t a t e s  
t h a t  a f t e r  th e  v e s s e l s  a re  formed th e y  may th en  be 
s e e n  t o  send  o f f  buds and s p r o u t s  t o  form new v e s s e l s ,  
in  th e  manner C la r k ( 0 9 )  has  d e s c r i b e d  in  Amphibians.  
The d i f f e r e n c e  b e tw een  th e  c e l l s  g i v i n g  r i s e  t o  the
v a s c u l a r /
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v a s c u l a r  e n d o th e l iu m  and t h o s e  form ing  th e  b lo o d  
c e l l s  i s  n o t  d i s t i n g u i s h a b l e  in  e a r l y  s t a g e s .
The p e r s i s t e n t  c la im s  t h a t  v a s c u l a r  en d o th e l iu m  
h a s  t h e  power to  change i n t o  th e  v a r i o u s  t y p e s  o f  
b lo o d  c o r p u s c l e s  have  been  d i s p r o v e d  by t h e  r e c e n t  
e x p e r i m e n t a l  work o f  S t o c k a r d ( 1 5 ) .  He f i n d s  i n  a 
s e r i e s  o f  e x p e r im e n t s  made on Fundulus embryos t h a t  
t h e  e n d o th e l iu m  o f  v e s s e l s  c o n t a i n i n g  b lo o d  n ev er  
p r e s e n t s  any c e l l  i n  a t r a n s i t i o n a l  s t a g e .  S tockard  
s t a t e B  t h a t  " i f  v a s c u l a r  e n d o th e l iu m  had such a 
power,  th e n  one m igh t  e x p e c t  t h a t  t h i s  power would 
show i t s e l f  in  c a s e s  where i t  was most  n eed e d ,  f o r  
exam p le ,  i n  t h o s e  embryos in  which  th e  b lo o d  has  
n e v e r  c i r c u l a t e d " .  (The c i r c u l a t i o n  o f  th e  e x p e r i ­
mented embryos had b een  p r e v e n t e d  from e n t e r i n g  
c e r t a i n  d e f i n i t e l y  formed v e s s e l s . )  He s t a t e s  
f u r t h e r  w i t h  r e g a r d  to  th e  embryos ex p er im e n te d  upon 
t h a t  "The h e a r t  and a o r t a  and numerous v e s s e l s  in  
th e  head and c r a n i a l  p o r t i o n  o f  th e  body are  l i n e d  
w i t h  t y p i c a l  v a s c u l a r  e n d o th e l iu m ,  y e t  i n  no i n s t a n c e  
h a s  i t  been  found t h a t  one o f  t h e s e  v e s s e l s  c o n t a in s  
a s i n g l e  red b lo o d  c e l l  in  any s t a g e  o f  deve lopm ent" .
A f t e r  c o n s i d e r a b l e  s tu d y  and c a r e f u l  o b s e r v a ­
t i o n  S to ck a r d  has  o b se r v e d  n o t h i n g  t h a t  would  
i n d i c a t e  t h a t  th e  v a s c u l a r  e n d o t h e l i a l  c e l l s  p o s s e s s  
th e  power t o  change i n t o  th e  b lo o d  c e l l  t y p e ,  nor  
c o u ld  he f i n d  any e v i d e n c e  t o  i n d i c a t e  t h a t  c e l l s
h a v i n g /
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h a v in g  once  assumed even  t h e  e a r l i e s t  b lo o d  c e l l  
ty p e  a re  ca p a b le  o f  m etam orphosis  t o  form e n d o t h e l i a l  
c e l l s .  He f i r m l y  b e l i e v e s  t h a t ,  in  Fundulus a t  
l e a s t ,  e n d o th e l iu m  i s  i n c a p a b l e  o f  g i v i n g  r i s e  to  
any t y p e  o f  b lo o d  c e l l .  F e l i x ( 9 7 )  a l s o  has  n o t e d  th e  
f a c t  t h a t  th e  a o r t a e  i n  e a r l y  normal T e l e o s t  embryos  
are  i n v a r i a b l y  f r e e  o f  b lo o d  c e l l s .
Whatever i t s  o r i g i n ,  th e  a n g i o b l a s t ,  a c c o r d in g  
t o  c u r r e n t  v i e w s ,  i s ,  i n  th e  m a j o r i t y  o f  am niota ,  
c h ic k  f o r  exam ple ,  found l y i n g  between th e  mesoderm 
and entoderm in  th e  form o f  c e l l  cords  i n  th e  area  
v a s c u l o s a  im m e d ia te ly  s u r ro u n d in g  th e  embryonic  
s h i e l d .  I t  i s  b e l i e v e d  t h a t  th e  p e r i p h e r a l  p art  o f  
ea ch  a n g i o b l a s t i c  s t r a n d  soon  r e s o l v e s  i t s e l f  i n t o  
an u n i n t e r r u p t e d  n e t -w o rk  o f  e n d o th e l iu m  and th e  
c e n t r a l  p a r t  i n t o  c l u s t e r s  o f  b lo o d  c e l l s .  The area  
o c c u p i e d  by th e  a n g i o b l a s t  i s  g e n e r a l l y  spoken o f  as  
t h e  a r e a  v a s c u l o s a  and can be r e c o g n i z e d ,  i n  th e  v a s t  
m a j o r i t y  o f  c a s e s ,  by th e  red  c o l o u r  o f  th e  b lo o d  
i s l a n d s .  The c o l o r i z a t i o n  o f  th e  area  v a s c u l o s a  
marks th e  b e g i n n i n g  o f  th e  d eve lopm ent  o f  h a e m oglob in .  
The e n d o t h e l i a l  c e l l s  which e n c l o s e  th e  b lo o d  c e l l s  
c o n t i n u e  t o  d i v i d e  and produce v a s c u l a r  s p r o u t s  
which  a p p e a r ,  a t  f i r s t ,  as  s o l i d  c e l l  cord s  but  l a t e r  
become h o l l o w  ( H e r t w i g ( 9 2 ) ,  M i n o t ( l 2 ) ) .
S i m u l t a n e o u s l y  w i t h  th e  p r o l i f e r a t i o n  o f  th e  
primary en d o th e l iu m  t o  form th e  v i t e l l i n e  p l e x u s ,
s e c o n d a r y /
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se c o n d a r y  v a s c u l a r  rud im ents  a l s o  appear in d ep en d ­
e n t l y  upon th e  y o l k - s a c  to  augment th e  c o m p le t io n  
o f  th e  v i t e l l i n e  c i r c u l a t i o n ,  h u t  a t im e i s  soon  
r e a c h e d  when the  l a t t e r  mode o f  deve lopm ent  c e a s e s ,  
and s u b s e q u e n t l y  a l l  e n d o th e l iu m  o f  th e  embryo i s  
d e r i v e d  from p r e - e x i s t i n g  en d o th e l iu m  ( E v a n s ( l 2 ) ) .
Around th e  p e r ip h e r y  o f  th e  area  v a s c u l o s a ,  
in  th e  m a j o r i t y  o f  a n i m a l s ,  th e  v i t e l l i n e  p l e x u s  
r e s o l v e s  i t s e l f  i n t o  a broad c i r c u l a r  v e s s e l  -  th e  
s i n u s  t e r m in a l  i s ,  which  i s  c o n t in u o u s  round th e  
margin o f  th e  a r ea  e x c e p t  a t  t h e  c r a n i a l  end where  
i t  t e r m i n a t e s  on ea ch  s i d e  i n  a v e s s e l  which  e n t e r s  
th e  embryo. The v a s c u l a r i z a t i o n  o f  th e  s p l a n c h n i c  
l a y e r  o f  th e  mesoderm g r a d u a l l y  e x t e n d s  through  th e  
e x t r a - e m b r y o n i c  r e g i o n  o f  th e  z y g o t e  u n t i l  i t  c o v e r s  
th e  w hole  e x t r a - e m b r y o n i c  r e g i o n ,  where i t  forms an 
i n t e r m e d i a t e  l a y e r  betw een  the  ectoderm and entoderm.
Some o f  th e  l a r g e r  c h a n n e l s  o f  th e  area  
v a s c u l o s a ,  even  i n  th e  e a r l y  s t a g e  o f  i t s  f o r m a t io n ,  
co n v er g e  to  form a s i n g l e  v e s s e l  on each  s i d e ,  which  
e n t e r s  th e  embryonic  body through  the  s p la n c h n o -  
p l e u r e  and u l t i m a t e l y  j o i n s  th e  venous  ends o f  the  
h e a r t  ru d im en ts  when t h e s e  are  d e v e l o p e d .  These  
are  th e  two v e s s e l s  p r e v i o u s l y  m entioned  as  co n n ec ted  
w i t h  th e  c r a n i a l  end o f  th e  s i n u s  t e r m i n a l i s  and are  
known as  th e  o m p h a l o m e s e n t e r i c ( v i t e l l i n e )  v e i n s .
I X /
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I t  i s  b e l i e v e d  t h a t  o t h e r  c h a n n e l s  o f  th e  area  
v a s c u l o s a  on ea ch  s i d e  grow towards  th e  median  
p la n e  o f  th e  embryo and as  th e y  approach th e  r e g i o n  
o f  th e  n o to c h o r d  t h e i r  e x t r e m i t i e s  f u s e  t o  form a 
l o n g i t u d i n a l  v e s s e l  which i s  th e  d o r s a l  a o r t a  o f  
t h a t  s i d e .  The d o r s a l  a o r t a  u l t i m a t e l y  u n i t e s  w i t h  
t h e  a r t e r i a l  end o f  th e  h e a r t .  In t h i s  way th e  
v i t e l l i n e  c i r c u l a t i o n  o f  th e  embryo i s  com ple ted  
and p l a y s  an im p o rta n t  r S l e  in  a l l  v e r t e b r a t e s  i n  
s u p p l y i n g  th e  g row in g  embryo w i t h  n u t r i t i v e  m a t e r i a l s  
from th e  y o l k ,  wh ich  i s  c o m p a r a t i v e l y  l a r g e .
In r e p t i l e s  and b i r d s ,  a seco n d  c i r c u l a t i o n ,  
as  i t  w e re ,  d e v e l o p s  in  c o n n e c t i o n  w i t h  th e  a l l a n ­
t o i s ,  and p e r s i s t s  d u r in g  i n c u b a t i o n ,  s i n c e  the  
a l l a n t o i s  i s  c h i e f l y  a r e s e r v o i r  f o r  th e  w a s te  
p r o d u c t s  o f  th e  b o d y .  In mammals th e  a l l a n t o i s  i s  
r u d im e n ta r y ,  i t s  p l a c e  b e i n g  ta k en  by th e  p l a c e n t a  
which  e s t a b l i s h e s  th e  communication between  the  
embryo and th e  m other ,  and th e  v e s s e l s  which  c o r r e s ­
pond t o  th e  a l l a n t o i c  v e s s e l s  in  r e p t i l e s  and b i r d s  
become a s s o c i a t e d  w i t h  th e  p l a c e n t a l  c i r c u l a t i o n  
( v i d e  i n f r a ) .
The c o n s i d e r a t i o n  has  been  c o n f in e d  so  f a r  
m a in ly  t o  th e  p a r t  p la y e d  by v e s s e l s  which  in  o r i g i n  
are  e x t r a - e m b r y o n i c .  The n e x t  q u e s t i o n  t o  be 
c o n s i d e r e d  i s  w h eth er  th e  e a r l y  b lo o d  v e s s e l s  i n  the  
body o f  th e  embryo i t s e l f  are  formed by an ingrowth
o f /
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o f  th e  v i t e l l i n e  p l e x u s  which i s ,  by o r i g i n ,  composed 
o f  e x t r a - e m b r y o n i c  b l o o d  v e s s e l s ,  o r ,  w h e th er ,  on 
t h e  o t h e r  hand,  th e  in t r a - e m b r y o n i c  v a s c u l a r  sy s tem ,  
or  a t  l e a s t  a p a r t  o f  i t ,  a r i s e s  i n  s i t u  from the  
germ l a y e r s  o f  th e  body,  The problem i s  d i f f i c u l t ,  
and i t  i s  n o t  s u r p r i s i n g  t h a t  v a r i o u s  c o n f l i c t i n g  
v i e w s  have  been f o r m u la t e d  r e g a r d in g  th e  p r e c i s e  
mode o f  o r i g i n  o f  th e  i n t r a - e m b r y o n i c  b lo o d  v e s s e l s .  
Thus, th e  names o f  H is (o O )  and H e r t w ig (9 2 )  have  
been i d e n t i f i e d  w i t h  th e  i d e a  t h a t  th e  e a r l y  b lo o d  
v e s s e l s  i n  th e  body o f  th e  embryo i t s e l f  a re  formed  
by a budding  or  in g ro w th  o f  th e  e n d o t h e l i a l  w a l l  o f  
th e  v e s s e l s  from th e  e x t r a - e m b r y o n i c  v a s c u l a r  a r e a ,  
and th e  name o f  S o b o t t a ( 0 2 )  i s  a s s o c i a t e d  w i t h  th e  
b e l i e f  t h a t  t h e r e  i s  an outgrow th  o f  v e s s e l s  from 
t h e  body o f  t h e  embryo t o  th e  w a l l  o f  th e  y o l k - s a c ,  
R a b l ( 8 6 ) ,  on th e  o t h e r  hand, p o i n t e d  ou t  th e  p o s s i b ­
i l i t y  o f  th e  e n d o th e l iu m  o f  th e  v e s s e l s  o f  a t  l e a s t  
t h e  h e a d ,  i f  n o t  th e  whole  v a sc x i la r  system  o f  the  
embryo, h a v in g  been formed by the  e x t e n s i o n  o f  the  
p a i r e d  h e a r t  rud im ents  a f t e r  the  l a t t e r  have made 
t h e i r  a p p e a r a n ce ,  w h i l s t  Riickert and M o l l i e r ( 0 6 )  
m a in t a i n  t h a t  th e  embryonic  v a s c u l a r  stem$, or a t  
l e a s t  a p a r t  o f  them, a r i s e  i n  s i t u  from th e  mesoderm 
o f  th e  embryo.
S o b o t t a ( 0 2 )  im a g in es  a gradual  growing  away o f
t h e /
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th e  v a s c u l a r  sy s tem  from th e  l o c a l  o r i g i n ,  the  
s c l e r o t o m .  The a o r t a  i s  th e  primary v e s s e l ,  and,  
f o r  exam ple ,  th e  s u b - i n t e s t i n a l  v e i n  a r i s e s  from 
t h e  a o r t a  by v a s c u l a r  s p r o u t s  which grow around th e  
g u t ,  broaden ou t  and f u s e  on i t s  v e n t r a l  s i d e  and 
f i n a l l y  g i v e  r i s e  t o  th e  l o n g i t u d i n a l  v e i n .
Other i n v e s t i g a t o r s  b a s i n g  t h e i r  o p i n i o n s  on 
t h e  r e s x i l t s  o f  a s e r i e s  o f  e x p e r im e n ts  on growing  
c h ic k  embryos,  adhere  t o  th e  c o n v i c t i o n  t h a t ,  even  
a f t e r  th e  d e s t r u c t i o n  o f  th e  y o l k - s a c  v e s s e l s  o f  
one s i d e ,  th e  h e a r t ,  t h e  a o r t a  and th e  o t h e r  v e s s e l s  
a re  fou nd  t o  d e v e l o p  on b o th  s i d e s  o f  th e  embryo,  
S t o c k a r d ( l 5 )  f a v o u r s  th e  v i e w  t h a t  a d e f i n i t e  mass  
o f  c e l l s  c h a r a c t e r i s t i c  o f  th e  T e l e o s t  embryo, which  
i s  l o c a t e d  in  th e  caudal  p a r t  o f  th e  body between  
t h e  n o t o c h o r d  and th e  g u t ,  and which  i s  c a l l e d  th e  
• i n t e r m e d i a t e  c e l l  mass '  i s  th e  in tr a - e m b r y o n ic  
v a s c u l a r  rudiment  in  many o f  th e  s p e c i e s ,
R ü c k e r t (8 8 )  c la im s  t h a t  in  S e l a c h i a n s  the  
a o r t a  a r i s e s  in  l o c o .  F e l i x ( 9 7 )  s t a t e s  t h a t  the  
g lo m e r u lu s  o f  th e  b i r d  mesonephros  o r i g i n a t e s  in  l o c o  
i n d e p e n d e n t l y  o f  th e  a o r t a ,  and o e l i e v e s  t h a t  in  
t h e  Sa lm ónidas  th e  stammvene, th e  v e n e n p le x u s  o f  the  
m eson ep h ros ,  c e r t a i n  v e s s e l s  o f  th e  g lo m e r u lu s ,  and 
a l s o  th e  m e s e n t e r i c  a r t e r y  a lo n g  w i th  th e  a o r t a ,  
a r i s e  i n  l o c o .  R egard ing  the  rudiment o f  th e  h e a r t  
and v en a e  s u b - i n t e s t i n a l e s ,  F e l i x  i s  n o t  c e r t a i n ,
b u t /
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bu t  t h i n k s  t h a t  t h e s e  l i k e w i s e  a r i s e  in  l o c o .  A l l  
t h e s e  o b s e r v a t i o n s  a re  d i r e c t l y  opposed t o  th e  
t h e o r y  o f  in g ro w th  o f  v e s s e l s  from th e  y o l k - s a c ,  
i . e .  th e  p a r a b l a s t  th e o r y  o f  H i s ( 7 5 ) ,  a s  w e l l  a s  the  
o u tg ro w th  o f  v e s s e l s  in  th e  s e n s e  a d v o c a ted  by 
S o b o t t a ( 0 2 ) .
In b i r d s  th e  i n t r a - e m b r y o n i c  b lood  v e s s e l s  
have been i n v e s t i g a t e d  by V i a l l e t o n ( 9 2 ) ,  His(OO),  
and E v a n s ( 0 9 ) ,  t o  whom we are  in d e b t e d  f o r  a com­
p r e h e n s i v e  know ledge  o f  th e  fo r m a t io n  o f  th e  caudal  
p o r t i o n  o f  th e  d o r s a l  a o r t a .  A cco rd in g  t o  t h e s e  
a u t h o r s ,  th e  f a c t  ap p ears  t o  be e s t a b l i s h e d  beyond  
d o u b t ,  t h a t  th e  g r e a t e r  p a r t  o f  th e  d o r s a l  a o r t a  i n  
th e  b i r d  i s  formed from th e  m ed ia l  margin  o f  th e  
v i t e l l i n e  p l e x u s  which  has  grown i n t o  th e  embryo in  
th e  manner a l r e a d y  r e f e r r e d  t o .  T i i r s t i g ( 3 4 )  a l s o  
has  n o t i c e d  th e  f r e q u e n t  e a r l y  c o n n e c t i o n  o f  the  
p r i m i t i v e  d o r s a l  a o r t a  w i t h  th e  v i t e l l i n e  p l e x u s  in  
mammals. From t h i s  o b s e r v a t i o n  i t  seems h i g h l y  
p r o b a b le  t h a t  in  mammals th e  caudal  p o r t i o n  o f  the  
d o r s a l  a o r t a  has  perhaps a s i m i l a r  o r i g i n .
With reg a r d  to  th e  deve lopm ent  o f  th e  c r a n i a l  
p o r t i o n  o f  th e  a o r t a ,  on the  o t h e r  hand,  v a r i o u s  
o p p o s in g  v i e w s  are h e l d ;  t h u s ,  His(OO) a t t r i b u t e s  
i t  t o  th e  r e s u l t  o f  a f u r t h e r  growth o f  th e  same 
e x t r a - e m b r y o n i c  v i t e l l i n e  p l e x u s  which forms th e  
ca u d a l  p a r t  o f  th e  a o r t a ,  but which i s  reduced  to
a /
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a c a p i l l a r y  c h a in  grow ing  headwards ,  e v e n t u a l l y  
t u r n i n g  v e n t r a l l y  o v er  th e  b l i n d  end o f  th e  f o r e ­
g u t  and f u s i n g  w i t h  th e  c r a n i a l  p o r t io n  o f  th e  h e a r t  
t u b e s ;  w h i l s t  Riickert  and M o l l i e r ( 0 6 )  m a in t a i n  t h a t  
t h e  c r a n i a l  p o r t i o n  o f  th e  a o r t a  i s  d e v e lo p e d  in  s i t u  
from th e  mesodermic c e l l s  o f  th e  l a t e r a l  p l a t e  o f  
th e  mesoderm o f  th e  c r a n i a l  r e g i o n  o f  th e  embryo,  
L e w is ( 0 4 )  o b s e r v e s  t h a t  a l l  in t r a - e m b r y o n i c  
b lo o d  v e s s e l s  o f  r a b b i t s  are a p p a r e n t ly  d e r i v e d  as  
o f f - s h o o t s  from t h e  ez tra -em b ryon i 'c  n e t -w o r k  o f  
v e s s e l s  in  th e  s p l a n c h n o p l e u r e  o f  th e  y o l k - s a c ,  th e  
v i t e l l i n e  p l e x u s  e n d in g  m e d i a l l y  i n  th e  embryo in  
th e  form o f  two v e s s e l s  -  th e  d o r s a l  a o r t a e ,  Lewis  
t h e r e f o r e  a g r e e s  w i t h  H is  a s  t o  the  o r i g i n  o f  t h e s e  
two v e s s e l s .  Q u ite  r e c e n t l y  B r e m e r ( l2 )  a r r i v e s  a t  
a somewhat s i m i l a r  c o n c l u s i o n ,  namely ,  t h a t  i n  th e
r a b b i t  embryo o f  5 s o m i t e s ,  th e  d o r s a l  a o r t a ,  th e
'
f i r s t  a o r t i c  a r c h ,  th e  conus a r t e r i o s u s  and the  
l a t e r a l  h e a r t  are  a l l  p a r t s  o f  an o r i g i n a l  n e t -w ork  
o f  a n g i o b l a s t i c  cord s  d e r i v e d  from th e  e x tr a -e m b r y o -  
n i c  p l e x u s  o f  b lo o d  v e s s e l s .
M o l l i e r ( 0 6 ) ,  in  h i s  r e v i e w  r e g a r d in g  th e  
o r i g i n  o f  v e s s e l s ,  c o n c lu d e s  a s  f o l l o ? / s  -  "as to  
th e  g e n e s i s  o f  embryonal v e s s e l s  we may p a ss  th e  
.; judgment t h a t  th e  t h e o r y  o f  th e  l o c a l  o r i g i n  o f  th e  
v a s c u l a r  e n d o th e l iu m  i s  v a l u a b l e .  The n o t i o n  o f
H i s ( 7 5 )  and V i a l l e t o n ( 9 2 )  t h a t  th e  v e s s e l  s t r a n d s
.
o f  th e  embryo grow i n  as  s p r o u t s  from the  e x t r a -
embryonal
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embryonal r u d i m e n t ( v a s c u l a r  rud im ent)  i s  n o t  n e a r l y  
so  p ro b a b le  a s  t h a t  th e  i n d i v i d u a l  v e s s e l  c e l l s  
a r i s e  i n  l o c o  and th u s  form th e  v a s c u l a r  n e t s ’*.
T h is  s t a t e m e n t  a g r e e s  in  e v e r y  r e s p e c t  w i th  
th e  c o n t e n t i o n s  so f u l l y  p r e s e n t e d  by H u n t in g ton  
( 1 0 ,  1 4 ) ,  M cClure( lO ,  12)  and o t h e r s ,  r e g a r d i n g  the  
o r i g i n  o f  lymph v e s s e l s .  R e c e n t l y  i t  r e c e i v e s  
a d d i t i o n a l  s u p p o rt  from th e  e x p e r im e n ta l  r e s u l t s  
r e c o r d e d  by M i l l e r  and McWhorter( 1 4 )  on th e  o r i g i n  
o f  b lo o d  v e s s e l s  in  th e  c h ic k  embryo. Such a v iew  
i s  f u r t h e r  s t r e n g t h e n e d  by th e  s t i l l  more r e c e n t  
e x p e r im e n t a l  e v i d e n c e  p r e s e n t e d  by R e a g a n ( l 5 ) ,  which  
shows th e  o r i g i n  in  l o c o  o f  v e s s e l s  in  i s o l a t e d  
p a r t s  o f  c h ic k  embryos,  and by S t o c k a r d ( l 5 ) ,  which  
c l a i m s  t h a t  i n  T e l e o s t  embryos t h e r e  can be no 
doubt t h a t  th e  h e a r t  e n d o th e l iu m  and a o r t a e  a r i s e  
in  s i t u  w i t h i n  t h e  embryo, when in  T e l e o s t  embryos  
t h e r e  are  no v e s s e l s ,  or even  mesoderm, p r e s e n t  on 
th e  y o l k - s a c  in  th e  c r a n i a l  r e g i o n  o f  th e  embryo.  
S t o c k a r d ( l 5 ) , how ever ,  s t a t e s  t h a t  c e r t a i n  v e s s e l s  
do p a r t i a l l y  grow ou t  from th e  embryo on t o  the  
y o l k - s a c ,  and o t h e r  s m a l l e r  v e s s e l s  a r i s e  i n  many 
s e p a r a t e  r e g i o n s  o f  th e  y o l k - s a c  as  th e  p r o d u c ts  o f  
w a n d er in g  mesenchyme c e l l s  which  become arranged  to  
form th e  t u b u l a r  v e s s e l s ,  and t h a t  a l l  o f  t h e s e
'
v e s s e l s ,  a f t e r  t h e y  have a r i s e n ,  may grow by budding  
or  by s p r o u t i n g  o f f  new v e s s e l s ,  or may i n c r e a s e  in
1 e n g t h /
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l e n g t h  b y  a  f o r w a r d  g r o w t h  a s  d e s c r i b e d  i n  l i v i n g  
e m b r y o s  b y  C l a r l c ( 0 9 ,  1 £ )  i n  h i s  c a r e f u l  o b s e r v a t i o n  
o n  t h i s  s u b j e c t .
I t  i s  t o  b e  n o t e d  t h a t  a l l  t h e s e  e x p e r i m e n t s  
j u s t  q u o t e d  c o n f i r m  t h e  e a r l i e r  r e s u l t s  o f  H a h n ( O S )  
o n  t h e  o r i g i n  o f  v e s s e l s  i n  t h e  c h i c k ,  a n d  t h a t  t h e  
f o r m a t i o n  o f  i n t r a - e m b r y o n i c  b l o o d  v e s s e l s  i s  m u c h  
m o r e  e x t e n s i v e  a n d  i m p o r t a n t  t h a n  h a s  f o r m e r l y  b e e n  
s u p p o s e d .
D E V E L O P M E N T  O F  B L O O D  C E L L S .
( R e v i e w  o f  L i t e r a t u r e )
T h o u g h  t h e  d e v e l o p m e n t  o f  b l o o d  c e l l s  l i e s  
w i t h o u t  t h e  s c o p e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  a  
f e w  r e m a r k s  m a y  b e  m a d e  r e g a r d i n g  t h e  c l o s e  r e l a t i o n ­
s h i p  o f  t h e s e  c e l l s  t o  t h e  v a s c u l a r  e n d o t h e l i u m .  
N e a r l y  a l l  i n v e s t i g a t o r s  o n  t h i s  s u b j e c t  a s s e r t  t h a t  
b l o o d  c e l l s  a n d  v a s c \ i l a r  e n d o t h e l i u m  a r i s e  f r o m  
e i t h e r  t h e  m e s o d e r m  o r  e n t o d e r m .  I n  r e v i e w i n g  t h e  
l i t e r a t u r e  o n  t h i s  p o i n t  n o  s t a t e m e n t  h a s  b e e n  f o u n d  
w h i c h  m i g h t  s u g g e s t  t h a t  b l o o d  c e l l s  a n d  e n d o t h e l i u m  
d e v e l o p  f r o m  d i f f e r e n t  g e r m  l a y e r s .  T h e  p o s s i b i l i t y  
o f  t h e s e  s t r u c t u r e s  h a v i n g  a n  i n d e p e n d e n t  a n d  
s e p a r a t e  o r i g i n  c a n n o t ,  h o w e v e r ,  b e  o v e r l o o k e d ,  a s  
w i l l  b e  s e e n  l a t e r .
M a x i m o w ( O S )  b e l i e v e s  t h a t  t h e  e n d o t h e l i a l  c e l l s  
a n d  b l o o d  c e l l s  a r e  c l o s e l y  r e l a t e d ,  a n d  a r i s e  f r o m
a /
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a  c o m m o n  s t e m  c e l l  i n  t h e  h l o o d  i s l a n d ,  a n d  m a y  
c o n t i n u e  t o  a r i s e  f r o m  s u c h  a  c e l l  d u r i n g  l a t e r  
d e v e l o p m e n t .  S t o c k a r d ( l 5 ) ,  o n  t h e  o t h e r  h a n d ,  s t a t e s  
“ t h a t  v a s c u l a r  e n d o t h e l i u m  f o r m s  i n  p e r f e c t  n o r m a l  
f a s h i o n  w i t h i n  t h e  h e a r t  r e g i o n  a n d  h e a d  r e g i o n  o f  
e m h r y o s  w i t h o u t  c i r c u l a t i n g  b l o o d ,  h p t  i n  n o  c a s e  i n  
e a r l y  o r  l a t e  s t a g e s  w a s  t h e  e n d o t h e l i a l  l i n i n g  o f  
t h e  a o r t a  o r  o t h e r  v e s s e l s  c a p a b l e  o f  g i v i n g  r i s e  t o  
a n y  t y p e  o f  c o r p u s c l e s .  Y e t  t h e  p o w e r  t o  f o r m  b l o o d  
c o r p u s c l e s  w a s  a b u n d a n t l y  p r e s e n t  i n  t h e  s a m e  e m b r y o s  
a s  s h o w n  b y  t h e  h u g e  n u m b e r s  o f  b l o o d  c e l l s  w i t h i n  
t h e  b l o o d  f o r m i m g  r e g i o n s  -  t h e  i n t e r m e d i a t e  c e l l  
m a s s  a n d  y o l k  i s l a n d s ” .
M a x i m o w ( 0 9 )  s t a t e s  f u r t h e r  t h a t  t h e  i n t r a -  
v a s c u l a r  p r i m i t i v e  b l o o d  c e l l s  a r e  n o t  o n l y  i n c r e a s e d  
b y  m i t o s i s  b u t  a r e  a d d e d  t o  a l s o  b y  t h e  p r o l i f e r a t i o n  
o f  t h e  s a m e  k i n d  o f  c e l l s  f r o m  t h e  f i x e d  e n d o t h e l i a l  
w a l l  o f  t h e  p r i m i t i v e  v e s s e l s .  T h e  a s s u m p t i o n  i s  
b a s e d  o n  t h e  f a c t  t h a t  c l u s t e r s  o f  b l o o d  c e l l s  a r e  
o f t e n  s e e n  a d h e r e n t  t o  t h e  e n d o t h e l i a l  w a l l  o f  b l o o d  
v e s s e l s .  M a x i m o w  t h i n k s  t h a t  t h e s e  c l u s t e r s  o f  c e l l s  
m a y  a r i s e  b y  t h e  p r o l i f e r a t i o n  o f  t h e  e n d o t h e l i u m .  
M i n o t ( 1 2 ) ,  h o w e v e r ,  d i s a g r e e s  w i t h  M a x i m o w  b e c a u s e  h e  
f i n d s  t h a t  t h e r e  i s  n o  c o n t i n u i t y  o f  t h e  p r o t o p l a s m  
o f  t h e  c e l l s  e i t h e r  i n  t h e  r a b b i t  o r  i n  m a n ;  a l s o ,  
b e c a u s e  m i t o s i s  o f  t h e  e n d o t h e l i u m  i n  t h e  n e i g h b o u r -
h o o d  o f  t h e  c l u s t e r s  i s  a l m o s t  i n v a r i a b l y  w a n t i n g ;
a n d , /
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and,  f i n a l l y ,  b e c a u s e  th e  e n d o t h e l i a l  n u c l e i  are  
d i f f e r e n t i a t e d ,  w h i l e  th e  n u c l e i  o f  th e  c e l l s  o f  
t h e  c l u s t e r s  are  n o t  d i f f e r e n t i a t e d .  Minot r e g a rd s  
t h e  c e l l s  composing th e  c l u s t e r s  as  s o l e l y  primary  
w andering  c e l l s .  S t o c k a r d ( l 5 )  a s s e r t s  t h a t  endo­
t h e l i a l  l i n i n g  i s  u t t e r l y  i n c a p a b l e  o f  g i v i n g  r i s e  
to  any form o f  b lo o d  c e l l .
DEVELOPMENT OF THE HUMAN VASCULAR SYSTEM.
(Review o f  L i t e r a t u r e )
In man, a c c o r d in g  to  E v a n s ( l 2 ) ,  i t  i s  c e r t a i n  
t h a t  l o n g  b e f o r e  any v a s c u l a r  rud im ents  a re  found  
i n  th e  body o f  th e  embryo, and a t  a p e r i o d  lo n g  
b e f o r e  any s o m i t e s  are  p r e s e n t ,  t y p i c a l  v a s c u l a r  
ru d im en ts  are  d e t e c t e d  s c a t t e r e d  i r r e g u l a r l y  and 
c o v e r i n g  a t  f i r s t  o n ly  th e  s u r f a c e  o f  th e  v e n t r a l  
p o l e  o f  th e  y o l k - s a c ;  b u t ,  on a cco u n t  o f  th e  com­
p a r a t i v e l y  sm a l l  s i z e  o f  th e  y o l k - s a c ,  th e  v a s c u l a r ­
i z a t i o n  o f  th e  whole  s u r f a c e  o f  th e  y o l k - s a c  i s  soon  
c o m p le te d .  M in o t ( 1 2 ) ,  however ,  e x p r e s s e s  th e  v iew  
t h a t  in  man, on a cc o u n t  o f  th e  sm al l  s i z e  o f  th e  
y o l k - s a c ,  t h e  v a s c u l a r  area  c o v e r s  th e  whole  s u r f a c e  
from t h e  s t a r t .  These v a s c u l a r  ru d im e n ts ,  a s  in  
o t h e r  v e r t e b r a t e s  a l r e a d y  s t u d i e d ,  make t h e i r  
a p p e a r a n c e  as n o d u la r  s w e l l i n g s  o f  t h a t  p a r t  o f  the  
w a l l  o f  th e  y o l k - s a c  known as  th e  a rea  v a s c u l o s a ,
a n d /
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and are  c e l l  clumps l y i n g  between  th e  mesoderm and 
entoderm. Very s h o r t l y  a f t e r  t h e i r  a p p ea ra n ce ,  the  
p e r i p h e r a l  c e l l s  o f  t h e s e  c e l l  c lumps,  a c c o r d i n g  to  
g e n e r a l  b e l i e f ,  a rran ge  t h e m s e l v e s  t o  form e n d o th e ­
l iu m  and th e  c e n t r a l  ones  t o  form b lo o d  c e l l s .
As i n  mammals, b e f o r e  r e f e r r e d  t o ,  so i n  man, 
in  c o n n e c t i o n  w i t h  th e  v a s c u l a r i z a t i o n  o f  t h e  y o l k -  
s a c ,  o r ,  a c c o r d i n g  to  F e t z e r ( l O ) ,  even  a t  a p e r io d  
b e f o r e  any v a s c u l a r  rudim ents  on the  y o l k - s a c  proper  
can be d i s t i n g u i s h e d ,  t h e r e  d e v e l o p ,  i n  th e  b e l l y -  
s t a l k  and c h o r io n  o f  the  embryo, h i g h l y  c h a r a c t e r ­
i s t i c  s t r a n d s  o f  s p i n d l e  c e l l s ,  which r e p e a t e d l y  
e x h i b i t  th e  n a t u r e  o f  h a v in g  th e  appearance  o f  a 
d ouble  row o f  n u c l e i  and o f  p o s s e s s i n g  a d i s t i n c t  
lumen. Th is  has  b een  o b se rv ed  by Graf S p e e ( 9 6 )  in  
th e  embryo von H e r f f  o f  .37mm. These c e l l s ,  by 
v i r t u e  o f  t h e i r  p r o c e s s e s ,  seem t o  have a t en d en cy  
t o  anastom ose  f r e q u e n t l y  among t h e m s e lv e s  and to  
c o n s t i t u t e  one t i s s u e  o f  a d e f i n i t e  n a t u r e .  The 
s t r a n d s  o f  s p i n d l e  c e l l s  have been  c la im ed  t o  form 
e n d o t h e l i a l  c e l l s  e v e n t u a l l y ,  on accou n t  o f  th e  f a c t  
t h a t  lumina  are o c c a s i o n a l l y  found in  them, and t h a t  
when t h e s e  c e l l s  are  t r a c e d  and compared through  
s u c c e s s i v e  s t a g e s  o f  o l d e r  s p e c im e n s ,  d i f f i c u l t y  
would be e n c o u n te r e d  in  d i s t i n g u i s h i n g  them from 
t h o s e  w h ich  are  g r a d u a l l y  i n v o l v e d  in  the  f o r m a t io n  
o f  b lo o d  v e s s e l s .
I V
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In young human embryos,  w i t h o u t  any v e s s e l s  or  
b lo o d  i s l a n d s  on th e  y o l k - s a c ,  J u n g (0 7 )  and Herzog  
( 0 9 )  have  c a l l e d  a t t e n t i o n  t o  th e  a g g r e g a t i o n  o f  
c e l l s ,  sometimes  arranged  round a lumen, s i t u a t e d  a t  
th e  p e r i p h e r y  o f  th e  mesoderm o f  th e  y o l k - s a c  and 
b e l l y - s t a l k  in  the  n e igh b ou rh ood  o f  th e  e x t r a -  
embryonic  a r e a .  In s l i g h t l y  o l d e r  sp ec im en s  w i t h  
r e c o g n i z a b l e  y o l k - s a c  v e s s e l s ,  i r r e g u l a r  s p a c e s  in  
th e  mesoderm, some l i n e d  w i t h  e n d o th e l iu m ,  some 
w i t h o u t  any d e f i n i t e  l i n i n g ,  have been  o b se r v e d  by 
many a u t h o r s ,  and r e c e n t l y  G r o s s e r ( l 3 )  and Debeyre  
( 1 2 )  have in d e p e n d e n t ly  d e s c r i b e d ,  b e s i d e  th e  
i r r e g u l a r  s p a c e s ,  t r u e  b lo o d  i s l a n d s  i n  th e  b e l l y -  
s t a l k  n e a r  th e  a l l a n t o i s .  In human embryo 1.17mm.  
d e s c r i b e d  by F r a s s i  ( 0 8 )  t h e r e  i s  an abundance o f  
w e l l - f o r m e d  v a s c u l a r  rudiments  on the  v e n t r a l  s u r f a c e  
o f  th e  y o l k - s a c ,  and F r a s s i  s t a t e s  t h a t  w i t h  v e r y  
l i t t l e  or no d i f f i c u l t y ,  v e s s e l s  can be d e t e c t e d  a l s o  
in  th e  b e l l y - s t a l k  and c h o r io n .
The n e x t  phase o f  deve lopm ent  o f  th e  human 
v a s c u l a r  system  i s  i l l u s t r a t e d  by the  w e l l -kn ow n  
embryo G laeveck e  1.54mm. o f  Graf S p e e (8 9 ,  9 6 ) .  Here 
a g a i n ,  a s  in  th e  p r e c e d i n g  s t a g e ,  v a s c u l a r  rudiments  
are  s e e n  011 th e  y o l k - s a c  and in  the  c h o r io n ,  b u t ,  in  
a d d i t i o n  to  t h e s e ,  i t  i s  p o s s i b l e  to  n o t e  th e  f i r s t  
■ i n t r a - e m b r y o n i c  v a s c u l a r  r u d im e n ts .  In th e  r e g i o n  o f  
th e  h e a r t  t h e s e  i n t r a - e m b r y o n i c  v a s c u l a r  rudiments  
e x h i b i t  th e  c h a r a c t e r i s t i c  appearance  o f  e n d o t h e l i a l
c e l l s , /
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c e l l s ,  and in  th e  more caiidal  p o r t i o n  o f  th e  embryo 
s t r a n d s  o f  c l e a r l y  i s o l a t e d  and d i f f e r e n t i a t e d  c e l l s  
are  found l y i n g  b etw een  th e  entoderm and th e  meso­
derm; t h e s e  p r o b a b ly  r e p r e s e n t  i n t r a - e m b r y o n i c  
v a s c u l a r  c e l l s ,  th e  mode o f  o r i g i n  o f  which  w i l l  be 
c o n s i d e r e d  l a t e r .  When t h e s e  s t r a n d s  o f  c e l l s  are  
t r a c e d  l a t e r o - c a u d a l l y  th e y  seem to  t e r m in a t e  on 
th e  upper s u r f a c e  o f  th e  y o l k - s a c .  F i n a l l y ,  a s  th e  
a l l a n t o i s  i s  g i v e n  o f f ,  t h e y  can be f o l l o w e d  i n t o  
v e s s e l s  which in  th e  b e l l y - s t a l k  l i e  a t  f i r s t  on 
e i t h e r  s i d e  o f  and soon  b e low  th e  a l l a n t o i c  d i v e r t ­
i cu lu m ,  These v a s c u l a r  c e l l s  a r e ,  w i t h o u t  d o u b t ,  t o  
be l o o k e d  u p o n  as th e  rud im ents  o f  th e  u m b i l i c a l  
a r t e r i e s  in  the  b e l l y - s t a l k .
For th e  c o n s i d e r a t i o n  o f  th e  n e x t  s t a g e ,  th e  
embryo s t u d i e d  by E te r n o d ( 9 5 ,  99)  must be s e l e c t e d ,  
as  i t  e x h i b i t s  th e  e a r l i e s t  known type  o f  c i r c u l a t i o n  
i n  th e  human embryo; b u t  a c o n s i d e r a b l e  gap e x i s t s  
betw een  S p e e ' s  embryo and E t e r n o d ' s ,  as  w i l l  be 
s e e n  l a t e r ,  E t e r n o d ’ s embryo m easures  1.3mm. and 
p o s s e s s e s  a s  y e t  no mesodermic s o m i t e s  nor i n t r a -  
em bryonic  coe lom .  Eternod  d e s c r i b e s  i t  as  f o l l o w s :  
"Le m<§soderme forme au n i v e a u  du champ embryonnaire  
une lame compacte e t  i n d i v i s e .  I I  se  s e p a re  s e u l e -  
ment en d eh o rs  du champ embryonnaire er. une lame 
e x t e r n e  ou a m n i o - c h o r i a l e  e t  une lame i n t e r n e  ou 
v i t e l l i n e " .
I V
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I t  e x h i b i t s  p a i r e d  h e a r t  r u d i m e n t s  c r a n i a l l y ,  
w h i c h  a r e  s i m p l y  d i l a t e d  p o r t i o n s  o f  t h e  t w o  s i n u s ­
l i k e  v e s s e l s  -  t h e  v e n a e  u m b i l i c a l e s  l a t e r a l e s .  T h e  
t w o  h e a r t  t u b e s  a r e  u n i t e d  f o r  a  s h o r t  d i s t a n c e  u n d e r  
t h e  f o r e - g u t  i n t o  a  s i n g l e  v e s s e l  w h i c h  u n d o u b t e d l y  
r e p r e s e n t s  t h e  f u t u r e  b u l b u s  c o r d i s  a n d  a o r t a  
v e n t r a l  i s .  T w o  v e s s e l s  s w e e p  b a c k  f r o m  t h i s  o n e  o n  
e a c h  s i d e  o f  t h e  n o t o c h o r d ,  w h i c h  i s  s t i l l  i n  t h e  
s t a g e  o f  t h e  n o t o c h o r d a l - p l a t e ;  t h e s e  a r e  t h e  p r i m i ­
t i v e  a o r t a e ,  a n d  t h e  l o o p s  b e t w e e n  t h e  v e n t r a l  b u l b  
a n d  t h e  d o r s a l  a o r t a  a r e  t h e  f i r s t  o r  p r i m i t i v e  
a o r t i c  a r c h e s ,  w h i c h ,  a c c o r d i n g  t o  E t e r n o d ’ s  d e s c r i p ­
t i o n ,  a r e  t w o  o r  t h r e e  i n  n u m b e r  o n  e a c h  s i d e .
( E v a n s  d o u b t s  t h e  i n t e r p r e t a t i o n  o f  t h e s e  a r c h e s  a n d  
t h i n k s  t h a t  t h e  p i c t u r e  g i v e n  b y  E t e r n o d  i s  s o m e w h a t  
s c h e m a t i z e d ,  t h e  s m a l l  i r r e g u l a r  v e s s e l s  h e r e  l i k e l y  
b e i n g  p e r s i s t i n g  s t r a n d s  o f  a  c a p i l l a r y  p l e x u s . )  
C a u d a l l y ,  t h e  a o r t a ,  s w e e p i n g  p a s t  t h e  n e u r e n t e r i c  
c a n a l ,  b e n d s  r o u n d  t h e  c a u d a l  e n d  o f  t h e  e m b r y o  a n d  
r u n s  i n t o  t h e  b e l l y - s t a l k  t o  f o r m  t h e  u m b i l i c a l  
a r t e r i e s ,  a n d  o u t  t o  t h e  c h o r i o n  a s  t h e  c h o r i o n i c  
c a p i l l a r i e s .  I t  m a y  b e  m e n t i o n e d  t h a t  t h e  a o r t a ,  
t h r o u g h o u t  i t s  c o u r s e ,  i s  n o t  r e p r e s e n t e d  a s  g i v i n g  
o f f  a n y  b r a n c h e s  t o  t h e  t i s s u e  o f  t h e  b o d y .  T h e  
u m b i l i c a l  v e i n s ,  w h i c h  c o l l e c t  t h e  b l o o d  f r o m  t h e  
c h o r i o n i c  p l e x t i s ,  u n i t e  i n  t h e  b e l l y - s t a l k  i n t o  a
s  i n g l e /
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s i n g l e  t r u n k ( v e n a  u m b i l i c a l  i s  i m p a r ) ,  b u t  a g a i n  
s e p a r a t e  a s  t h e  e m b r y o  i s  r e a c h e d  a n d  e n t e r  t h e
e m b r y o  o n  e i t h e r  s i d e  n e a r  t h e  a t t a c h m e n t  o f  t h e
,
a m n i o n .  W h e r e  t h e  b e l l y - s t a l k  b e c o m e s  c o n t i n u o u s  
w i t h  t h e  y o l k - s a c ,  e a c h  u m b i l i c a l  v e i n  i s  j o i n e d  b y  
a  l a r g e  t r i b u t a r y  f r o m  t h e  c a p i l l a r y  p l e x u s  o f  t h e  
v e n t r a l  s u r f a c e  o f  t h e  y o l k - s a c ,  w h e r e  t h e s e  t w o  
t r i b u t a r i e s  a n a s t o m o s e  w i t h  o n e  a n o t h e r .  I n  t h i s  
w a y  a  v e n o u s  r i n g  i s  p r o d u c e d  e n c i r c l i n g  t h e  a l l a n ­
t o i s .  T h e  s i g n i f i c a n c e  o f  t h i s  r i n g  i s  o b s c u r e  a t  
p r e s e n t .  T h o u g h  t h e r e  a r e  m a n y  v e s s e l s  o n  t h e  s u r f a c e  
o f  t h e  y o l k - s a c ,  e s p e c i a l l y  o n  i t s  v e n t r a l . a s p e c t ,  
n o  i n d i c a t i o n  o f  a  v i t e l l i n e  c i r c u l a t i o n  c a n  y e t  b e
; d e t e c t e d ,  f o r  n o  c o m m u n i c a t i o n s  b e t w e e n  t h e s e
■
I v i t e l l i n e  c a p i l l a r i e s  a n d  t h e  a o r t a e  c a n  b e  t r a c e d ,
*
T h e  e a r l i e s t  s t a g e  o f  t h e  d e v e l o p m e n t  o f  t h e  d o r s a l  
a o r t s e  a n d  t h e  u m b i l i c a l  v e i n s  i n  m a n  i s  s t i l l  u n k n o w n ,  
f o r  t h e  l i n k  b e t w e e n  t h e  S p e e ' s  e m b r y o  a n d  t h e  E t e r n -  
o d ' s  i s  s t i l l  w a n t i n g .
I t  a p p e a r s ,  t h e r e f o r e ,  f r o m  t h e  a b o v e  m e n t i o n e d  
e v i d e n c e  t h a t  t h e r e  i s  a  c i r c u l a t i o n  s e t  u p  b e t w e e n  
e m b r y o  a n d  c h o r i o n  t h r o u g h  t h e  u m b i l i c a l  v e s s e l s  a t  
a  v e r y  e a r l y  s t a g e ,  b e f o r e  e v e n  t h e  v i t e l l i n e  c i r c u ­
l a t i o n  i s  e s t a b l i s h e d  a n d  b e f o r e  t h e  a p p e a r a n c e  o f
*
a n y  m e s o d e r m i c  s o m i t e s .  T h i s  v i e v /  s e e m s  t o  b e  f u r t h e r  
s u p p o r t e d  b y  t h e  o b s e r v a t i o n s  o f  S e l e h k a ( 8 6 ) ,  w h i c h  
s h o w  t h a t  i n  H y l o b a t e s  r a f f l e s i  t h e  v e s s e l s  o n  t h e
; u n d e r  s u r f a c e  o f  t h e  y o l k - s a c  c o m m u n i c a t e  w i t h  t h e
v e s s e l s /
(2 3 )
v e s s e l s  o f  t h e  c h o r i o n  b y  a  p a i r  o f  v e s s e l s  s u r r o u n d ­
i n g  t h e  a l l a n t o i c  t u b e ,  b e f o r e  t h e r e  a r e  a n y  v e s s e l s
i n  t h e  e m b r y o .
'
I t  i s  n o t  d i f f i c u l t  t o  u n d e r s t a n d  w h y  i n  m a n  
t h e  u m b i l i c a l  o r  p l a c e n t a l  c i r c u l a t i o n  s h o u l d  o v e r ­
s h a d o w ,  i n  i m p o r t a n c e ,  t h e  v i t e l l i n e  c i r c u l a t i o n ,  
f o r  i t  i s  t o  b e  r e c o l l e c t e d  t h a t  t h e  h u m a n  y o l k - s a c  
i s  c o m p a r a t i v e l y  s m a l l  i n  s i z e  a n d  t h e r e f o r e  c o n t a i n s  
a n  i n a d e q u a t e  s u p p l y  o f  n u t r i t i v e  m a t e r i a l  t o  m e e t  
t h e  d e m a n d s  o f  t h e  g r o w i n g  e m b r y o .  H e n c e ,  i t  i s  o f  
t h e  f i r s t  i m p o r t a n c e  t h a t  t h e  c i r c u l a t i o n  o f  t h e  
e m b r y o  o n c e  e s t a b l i s h e d  s h o u l d  b e  c o n n e c t e d  w i t h  t h e  
c h o r i o n .  T h i s  i s  a n o t h e r  i n s t a n c e  o f  t h e  r e m a r k a b l e  
s e r i e s  o f  v a r i a t i o n s  f r o m  t h e  o r d i n a r y  t y p e  w h i c h  
t h e  d e v e l o p m e n t  o f  t h e  p r i m a t e  e m b r y o s  e x h i b i t .
I n  e m b r y o s  o f  5  s o m i t e s  a n d  u p w a r d s  i t  i s  
o b s e r v e d  t h a t  t h e  v i t e l l i n e  p l e x u s  h a s  e s t a b l i s h e d  
i t s  c o m m u n i c a t i o n s  c r a n i a l l y  w i t h  t h e  h e a r t  b y  m e a n s  
o f  t w o  c h a n n e l s ,  t h e  v i t e l l i n e  v e i n s ,  r e a c h i n g  a s  
f a r  a s  t h e  f i r s t  i n t e r s e g m e n t a l  c l e f t ,  a s  D a n d y ( l O )  
f i r s t  s h o w e d ,  w h i l e  c a u d a l l y ,  i n  t h e  r e g i o n  o f  t h e  
u n s e g m e n t e d  m e s o d e r m ,  t h e  b r a n c h e s  o f  t h e  v i t e l l i n e  
a r t e r i e s  f o r m  a  p l e x u s  o f  c a p i l l a r y - l i k e  v e s s e l s  
f r o m  w h i c h ,  a s  s h o w n  b y  F e l i x ( l O )  a n d  c o n f i r m e d  b y  
E v a n s ( i g ) ,  t h e  u m b i l i c a l  a r t e r y  t a k e s  i t s  o r i g i n .
T h i s  f a c t  l e a d s  E v a n s  t o  b e l i e v e  t h a t  t h e  u m b i l i c a l  
a r t e r y  i s  t o  b e  l o o k e d  u p o n  a s  a  m o d i f i e d  v i t e l l i n e
v e s s e l .
( 2 4 )
v e s s e l .  C r a n i a l l y  th e  v i t e l l i n e  p l e x u s  communicates  
on ea ch  s i d e  w i t h  th e  h e a r t  rud im ents  hy two 
v i t e l l i n e  v e i n s  w i t h  which  the  u m b i l i c a l  v e i n s  have  
a l r e a d y  e s t a b l i s h e d  t h e i r  c o n n e c t i o n .
Prom th e  c o n c l u s i o n s  a r r i v e d  a t  by B r e m e r ( l4 )  
i t  seems c l e a r  t h a t  in  human embryos th e  e a r l i e s t  
b lo o d  v e s s e l s  appear  s e p a r a t e l y  in  th e  y o l k - s a c  a n d  
i n  t h e  b e l l y - s t a l k  i n  th e  form o f  m u l t i p l e  r u d im e n ts .  
He b e l i e v e s  t h a t  th e  rud im ents  in  th e  b e l l y - s t a l k  
and p r o b a b ly  a l s o  in  th e  y o l k - s a c  in  many c a s e s  are  
f u n n e l - s h a p e d  i n v a g i n a t i o n s  o f  th e  s u r f a c e  mesoderm,  
but th e y  may be s o l i d  cords  o f  c e l l s .  By a p a r t i a l  
f u s i o n  o f  the  w a l l s  o f  a f u n n e l - s h a p e d  in g ro w th ,  a 
p o r t i o n  o f  th e  coelom b o rd e re d  by mesoderm, may be 
c u t  o f f  as  a s e p a r a t e  c a v i t y  -  th e  c a v i t y  o f  a 
b lo o d  v e s s e l ,  l y i n g  d e e p , w i t h i n  the s u b s ta n c e  o f  
th e  b e l l y - s t a l k .  A ccord in g  t o  t h i s  a u th o r  new 
e n d o th e l iu m  seems t o  a r i s e  e i t h e r  by d e la m in a t io n  
from th e  w a l l s  o f  such  a d e ta c h e d  p o r t i o n  o f  th e  
coe lom ,  or by d i r e c t  e x t e n s i o n  o f  the  w a l l ,  in  the  
form o f  an a n g i o b l a s t  cord from the  m e s o t h e l i a l  
in g r o w th .  From th e  e n d o th e l iu m ,  by w h ich ev er  
method d e v e l o p e d ,  f u r t h e r  e x t e n s i o n  i s  by means o f  
th e  a n g i o b l a s t  c o r d s ,  which grow a p p a r e n t ly  through  
th e  s u r r o u n d in g  mesoderm.
( 2 5 )
D E V E L O P M E N T  O F  T H E  H E A R T  A N D  P E R I C A R D I U M .
( R e v i e w  o f  L i t e r a t u r e )
I n  m a m m a l s  m u c h ,  h a s  b e e n  d o n e  t o  t h r o w  l i g h t  
u p o n  t h e  d e v e l o p m e n t  o f  t h e  h e a r t ,  n o t a b l y  b y  H i s  
( 8 1 ,  8 5 ,  8 6 )  a n d  B i s c h o f f ( 4 2 ,  5 2 ) ,  i n  r a b b i t s ,  B o r n  
( 8 9 ) ,  i n  d o g s ,  B o n n e t ( 9 l ,  0 1 ,  0 7 ) ,  i n  p i g s ,  K e i b e l  
( 8 8 ) ,  a n d  i n  f e r r e t s ,  Y e a t e s  ( l l ) ,  b u t  i n  m a n  v e r y  
l i t t l e  i s  y e t  k n o w n ,  o n  a c c o u n t  o f  t h e  e x i s t e n c e  o f  
m a n y  g a p s  w h i c h  m u s t  b e  f i l l e d  u p  b e f o r e  i t  i s  
p o s s i b l e  t o  o b t a i n  a  c l e a r  c o n c e p t i o n  o f  t h e  h u m a n  
e m b r y o l o g y ,  n o t  o n l y  o f  t h e  h e a r t ,  b u t  o f  m a n y  o t h e r  
i m p o r t a n t  o r g a n s ;  a n d  t h e s e ,  a t  t h e  p r e s e n t  d a y ,  
c a n  b e  c a r r i e d  o u t  o n l y  b y  a  s e r i e s  o f  i n v e s t i g a t i o n s  
i n t o  t h e  d e v e l o p m e n t  o f  t h e  v a r i o u s  m a m m a l s  s u i t a b l e  
f o r  t h e  p u r p o s e .
T a n d l e r ( l 2 )  s a y s  " t h e  e a r l i e s t  d e v e l o p m e n t a l  
p r o c e s s e s  o f  t h e  h e a r t ,  e s p e c i a l l y  i n  s o  f a r  a s  
t h e y  c o n c e r n  t h e  f o r m a t i o n  o f  t h e  e n d o t h e l i u m  o f  t h e  
h e a r t  a n d  v e s s e l s ,  a r e  u n k n o w n  i n  t h e  h u m a n  e m b r y o s ,  
b u t  p r o b a b l y  o n e  w i l l  n o t  b e  f a r  a s t r a y  i n  a s s u m i n g  
t h a t  t h e  e a r l i e s t  r u d i m e n t  o f  t h e  h u m a n  h e a r t  i s  
e s s e n t i a l l y  s i m i l a r  t o  t h a t  o f  t h e  m a m m a l i a ’ * .  T h e  
e a r l i e s t  s t a g e s  o f  d e v e l o p m e n t  o f  t h e  m a m m a l i a n  
h e a r t  i s  u n d o u b t e d l y  i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  
d e v e l o p m e n t  o f  t h e  b l o o d  v e s s e l s ,  b u t  c o n c e r n i n g  t h e  
l a t t e r  v a r i o u s  o p p o s i n g  v i e w s  h a v e  b e e n  f o r m u l a t e d
a n d /
( 2 6 )
a n d  a l r e a d y  b e e n  d w e l t  u p o n  i n  t h e  b e g i n n i n g  o f  t h i s  
p a p e r .
I t  i s  c l e a r  t h a t  t h e  p r e c i s e  m o d e  o f  d e v e l o p ­
m e n t  o f  t h e  b l o o d  v e s s e l s  i s  n o t  y e t  d e f i n i t e l y  
e s t a b l i s h e d ,  a n d  a  s h o r t  s u r v e y  o f  t h e  e a r l y  s t a g e s  
o f  t h e  d e v e l o p m e n t  o f  t h e  h e a r t  w i l l  s h o w  t h a t  o u r  
k n o w l e d g e  o f  t h a t  s u b j e c t  a l s o  i s  d e f i c i e n t .  I n  
m a m m a l s ,  a c c o r d i n g  t o  M o l l i e r ( 0 6 ) ,  t h e  f i r s t  r u d i ­
m e n t  o f  t h e  h e a r t  i s  t h e  a p p e a r a n c e  o f  a  n u m b e r  o f  
c e l l s ,  w h i c h  a r e  d i s c e r n a b l e  i n  e m b r y o s  o f  2  t o  3  
p r i m i t i v e  s o m i t e s .  T h e s e  v a s c u l a r  c e l l s  a p p e a r  
b e t w e e n  t h e  e n t o d e r m  a n d  m e s o d e r m  o n  b o t h  s i d e s  n o t  
f a r  f r o m  t h e  m e d i a n  p l a n e  o f  t h e  e m b r y o ,  a t  f i r s t  i n  
t h e  d i s t a l  p o r t i o n  o f  t h e  h e a d ;  a n d  t h e y  a r e  f o u n d  
m u c h  e a r l i e r  i n  t h e  a m n i o t a  t h a n  t h e  a n a m n i a .  T h e y  
a r e  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  e n d o t h e l i u m  
o f  t h e  h e a r t  t u b e s  o n l y ,  t h e  r e m a i n i n g  c o n s t i t u e n t s  
o f  t h e  w a l l  o f  t h e  h e a r t ,  t h a t  i s  t h e  m y o c a r d i u m  
a n d  t h e  e p i c a r d i u m ,  b e i n g  d e r i v e d  f r o m  t h a t  p a r t  o f  
t h e  v i s c e r a l  c o e l o m i c  w a l l  w h i c h  h a s  b e e n  d e s i g n a t e d  
b y  M o l l i e r ( 0 6 )  t h e  k e a r t - p l a t e  o r  c a r d i o g e n i c - p l a t e .
I t  i s  g e n e r a l l y  h e l d  t h a t  t h e  f i r s t  a g g r e g a t i o n  
o f  t h e  v a s c u l a r  c e l l s  o f  t h e  m a m m a l i a n  h e a r t  i s  
p a i r e d  a n d  i s  s i t u a t e d  v e n t r a l  t o  t h e  c o e l o m i c  c a v i t y .  
B y  a  p r o c e s s  n o t  y e t  s a t i s f a c t o r i l y  e x p l a i n e d ,  s p a c e s  
s o o n  m a k e  t h e i r  a p p e a r a n c e  i n  t h e  v a s c u l a r  c e l l  m a s s ,  
a n d  w h e n  t h e s e  s p a c e s  c o a l e s c e ,  t w o  e n d o t h e l i a l  h e a r t
t u b e s /
( 2 7 )
t u b e s  a r e  t h u s  f o r m e d ,  o n e  o n  e i t h e r  s i d e  o f  t h e  
m e d i a n  p l a n e  o f  t h e  e m b r y o ;  t h i s  b i l a t e r a l  o r i g i n  
o f  t h e  h e a r t  w a s  o b s e r v e d  f i r s t  b y  H e n s e n ( 7 6 ) .  A  
f u s i o n  o f  t h e  t w o  e n d o t h e l i a l  t u b e s  n e x t  t a k e s  p l a c e ,  
a n d  t h e  u n p a i r e d  h e a r t  t u b e  i s  f o r m e d  f r o m  t h e  p a i r e d  
h e a r t  r u d i m e n t s ,  b u t  e x a c t l y  h o w  t h i s  f u s i o n  i s  
b r o u g h t  a b o u t ,  o p i n i o n s  d i f f e r .
I t  w a s  f o r  l o n g  b e l i e v e d  ( B a l f o u r ( 8 1 ) ,  H e n s e n  
( 7 6 ) ,  H e r t w i g ( 9 2 ) ,  K o l l i k e r ( 6 1 ) )  a n d  i t  i s  s t i l l  
h e l d  b y  s o m e  ( T a n d l e r ( 1 2 ) ,  B r y c e ( 0 8 ) ,  B a i l e y ( l 2 ) ,  
W i l s o n ( l 4 ) ,  H .  v o n  W .  S c h u l t e ( l 5 )  a n d  o t h e r s )  t h a t  
i n  m a m m a l s ,  a s  i n  b i r d s ,  t h e  t w o  e n d o t h e l i a l  t u b e s ,  
o u t  o f  w h i c h  t h e  h e a r t  i s  f o r m e d ,  a p p e a r  a t  a  t i m e  
w h e n  t h e  l a t e r a l  f o l d s ,  w h i c h  a r e  s a i d  t o  f o r m  t h e  
v e n t r a l  w a l l  o f  t h e  t h r o a t ,  a r e  o n l y  j u s t  v i s i b l e ,  
t h a t ,  a s  t h e  l a t e r a l  f o l d s  o f  t h e  s p l a n c h n i c  w a l l s  
i n c r e a s e ,  t h e  t w o  h a l v e s  o f  t h e  h e a r t ,  e n c l o s e d  
w i t h i n  t h e  h i t h e r t o  s y m m e t r i c a l  a n d  l a t e r a l l y  p l a c e d  
p l e u r o - p e r i c a r d i a l  c a v i t i e s ,  b e c o m e  c a r r i e d  m e d i a l l y  
a n d  v e n t r a l l y  u n t i l  t h e y  f u s e  o n  t h e  v e n t r a l  s i d e  
o f  t h e  f o r e - g u t ,  a n d  t h a t  t h e  h e a r t  i s  t h e r e f o r e  
p r o v i d e d ,  a t  l e a s t  f o r  a  t i m e ,  w i t h  a  v e n t r a l  a n d  a  
d o r s a l  m e s o c a r d i u m .
B a l f o u r  s t a t e s  t h a t  " t h e  h e a r t  s h o u l d  o n l y  b e  
f o r m e d  a s  t w o  t u b e s  w h e n  i t  a r i s e s  p r i o r  t o  t h e  
f o r m a t i o n  o f  t h e  t h r o a t "  ( m a m m a l s ) ,  a n d ,  " a s  a  s i n g l e  
t u b e  w h e n  f o r m e d  a f t e r  t h e  f o r m a t i o n  o f  t h e  t h r o a t "
( e l a s m o b r a n c h i i ,
(28)
( e l a s m o b r a n c h i i ,  a m p h i b i a n s ) .  H e  c o n c l u d e s  b y -  
s a y i n g  t h a t  " t h e  f o r m a t i o n  o f  t h e  h e a r t  a s  t w o  
c a v i t i e s  i s  a  s e c o n d a r y  m o d e  o f  d e v e l o p m e n t ,  w h i c h  
h a s  b e e n  b r o u g h t  a b o u t  b y  v a r i a t i o n s  i n  t h e  p e r i o d  
o f  t h e  c l o s i n g  i n  o f  t h e  w a l l  o f  t h e  t h r o a t " .
I n  t h e  c h i c k ,  o n  t h e  o t h e r  h a n d ,  a  v e n t r a l  
m e s o c a r d i u m  i s  r e c o g n i z a b l e ,  b u t  t h i s  i s  d u e ,  a s  
R o b i n s o n ( 0 2 )  p o i n t s  o u t ,  t o  t h e  r e l a t i v e l y  l a t e  
p e n e t r a t i o n  o f  t h e  m e s o d e r m  i n  t h e  c r a n i a l  r e g i o n .
I n  a m p h i b i a n s  l a t e r a l  f o l d s  h a v e  b e e n  d e s c r i b e d ,  b u t  
i t  i s  e r r o n e o u s  t o  p r e s u m e  t h a t  s u c h  f o l d s ,  w h i c h ,  
b y  v i r t u e  o f  t h e i r  f u s i o n  v e n t r a l l y ,  f o r m  t h e  v e n t r a l  
w a l l  o f  t h e  f o r e - g u t ,  r e a l l y  o c c u r  i n  m a m m a l s .  I n  
t h e  l a t t e r ,  t h e  p e r i c a r d i a l  m e s o d e r m  a p p e a r s  i n  t h e  
p e r i c a r d i a l  p o r t i o n  o f  t h e  e m b r y o n i c  a r e a ,  a n d  i t  i s  
t h e r e  c o m p l e t e l y  d i f f e r e n t i a t e d  i n t o  s o m a t i c  a n d  
s p l a n c h n i c  l a y e r s  b e f o r e  t h e  h e a d  b e n d  i s  d e v e l o p e d ;  
t h e r e  i s  t h e r e f o r e  a  s i n g l e  p e r i c a r d i a l  c a v i t y  t o  
b e g i n  v / i t h ,  w h i c h  e x t e n d s  f r o m  s i d e  t o  s i d e  a l o n g  
t h e  c r a n i a l  b o u n d a r y  o f  t h e  e m b r y o n i c  a r e a .  A s  t h e  
h e a d  b e n d  d e v e l o p s ,  t h e  s i n g l e  p e r i c a r d i a l  c a v i t y  i s  
r e v e r s e d ,  a n d  i t  i s  c a r r i e d  i n t o  t h e  v e n t r a l  w a l l  o f  
| t h e  f o r e - g u t ,  w h e r e  i t  f o r m s  a  U - s h a p e d  t u b e  w h i c h  
c o m m u n i c a t e s  a t  e a c h  e n d  w i t h  t h e  g e n e r a l  c o e l o m .
T h e  h e a r t  r u d i m e n t s  a r e  f o r m e d  i n  t h e  s p l a n c h n i c  
l a y e r  o f  t h e  p e r i c a r d i a l  m e s o d e r m ;  t h e r e f o r e ,  a f t e r  
t h e  r e v e r s a l  o f  t h e  a r e a  t h e y  l i e  i n  t h e  d o r s a l  w a l l  
o f  t h e  p e r i c a r d i a l  c a v i t y  a t t a c h e d  o n l y  b y  a  d o r s a l
m e s o c a r d i u m '
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mesocardium t o  th.© v e n t r a l  w a l l  o f  th e  f o r e - g u t ,  
but  t h e y  are  n e v e r ,  a t  any t im e ,  c o n n e c t e d  w i t h  th e  
v e n t r a l  w a l l  o f  th e  p e r ic a r d iu m  by a v e n t r a l  meso­
cardium. T h is  v i e w  i s  h e l d  a l s o  by V dlker
R o u v i è r e ( 0 4 ) ,  on th e  o t h e r  hand, w h i l e  he 
a g r e e s  w i t h  R obinson  as  to  t h e  a b se n c e  o f  a v e n t r a l  
mesocardium i n  mammals, g i v e s  a d i f f e r e n t  a cco u n t  
o f  th e  p r o c e s s  w hich  l e a d s  t o  th e  c l o s u r e  o f  th e  
f o r e - g u t .  He d e s c r i b e s  th e  f o r m a t i o n  o f  t h e  l a t e r a l  
p l e u r o - p e r i c a r d i a l  c a n a l s ,  w h ich  grow c r a n i a l l y  
round th e  c r a n i a l  end o f  th e  b r a i n - p l a t e  and f u s e  
t o  form a c o n t in u o u s  c h a n n e l .  The s p l a n c h n o - p l e u r e  
fo r m in g  th e  cauda l  w a l l  o f  th e  p l e u r o - p e r i c a r d i a l  
c a v i t y  now forms a c o n t in u o u s  f o l d ,  which R o u v ière  
c a l l s  t h e  " c a r d i a l  f o ld "  and w hich  he d e s c r i b e s  as  
g ro w in g  a c t i v e l y  backwards as  a w h o le .  G r a p e r ( i 2 ) ,
i n  a d e s c r i p t i o n  o f  t h e  growth  p r o c e s s e s  i n  th e
■
d e v e l o p i n g  c h i c k ,  w hich  he worked ou t  by s t a i n i n g  
th e  l i v i n g  embryos and k e e p i n g  them under o b s e r v a t i o n  
w h i l e  s t i l l  a l i v e ,  shows t h a t  t h e r e  i s  c o n s i d e r a b l e  
e v i d e n c e  in  su p p o r t  o f  th e  v i e w ,  t h a t  th e  m argin  o f  
t h e  f o r e - g u t ( u m b i l i c a l  o r i f i c e )  moves c a u d a l l y  
c o n c u r r e n t l y  w i t h  th e  growth o f  th e  head f o l d  
c r a n i a l l y .
M iss  P a r k e r ( l 5 ) ,  in  h e r  s t u d i e s  o f  t h e  e a r l y  
s t a g e s  i n  t h e  d e v e lo p m e n t  o f  M a r s u p ia l s ,  summarises  
h e r  s thtemen.t  .by s a y i n g ;  " t h a t  w h i l e  th e  i n i t i a t i o n
o f
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head-fold formation is in all probability due to the 
forward growth of the brain-plate, there occurs also 
an active backward growth of the anterior intestinal 
portal(umbilical orifice). This process is associ­
ated with the rapid expansion of the pericardium 
which occurs at this period of development, and 
which brings about the backward and inward growth 
of the layer of the splanchno-pleure limiting the 
pericardium". She further claims that "the appro­
ximation of the heart tubes after gut-closure is due 
to the fact, that at this period the pericardium 
grows rapidly in length and decreases in width so 
that the heart tubes are brought together by long­
itudinal stretching of the pericardial wall lying 
between them".
The growth of the pericardium may exert, under 
certain conditions, a certain amount of mechanical 
influence on the shape and position of the heart 
tubes, for Stockard(l5) finds in experimental Fund- 
ulus embryos that in those embryos in which the 
pericardium is hugely distended with fluid, the head 
end of the embryo is abnormally pushed far away from 
the surface of the yolk. The heart is thus stretched 
into a long straight tube or string leading from the 
ventral surface of the head through the great peri­
cardial cavity to the anterior yolk surface. It is
t o
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to be noted that the above condition appears to be 
pathological. Normally the rate of growth of the 
heart tubes invariably exceeds that of the pericard­
ium, so that the heart tubes are consequently thrown 
into loops. Any shifting of the two fixed ends of 
the heart tubes due to an undue rapid growth of the 
pericardium either cranially or caudally would, at 
first, undo the loops of the heart tubes or prevent 
them from forming, before exerting such an influence 
as to bring the two tubes into contact. There is 
no evidence to show that the pericardium grows more 
rapidly than the heart tubes.
Shore(89) describes that the head-fold of the 
chick embryo results from a growth of the head for­
wards over the diblastic part of the blastoderm, and 
that a 'folding off' does not occur, at any rate at 
first.
Recently Watt(l5), in his investigation into 
two young twin human embryos with 17 - 19 paired 
somites, states: "From the atrial canal the ventricle 
continues on at the left and runs far forward in the 
pericardial cavity, when it is strongly flexed 
ventrally and turns caudad as it reaches the median 
line. It is here attached to the pericardial wall by 
a short stretch of ventral mesocardium, the only 
portion of this structure which is still present".
Though
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Though, a small piece of dorsal mesocardium is depict­
ed in his paper(plate 3. fig. 4, and plate 4. fig.2) 
there is nothing to indicate the existence of the 
ventral mesocardium which Watt describes.
(33)
The following ferret embryos, which form the *• 
basis of the present communication, belong to the 
extensive collection of ferret embryos of Professor 
Arthur Robinson, Edinburgh University, under whose 
personal supervision I undertook to investigate, at 
the Research Laboratory, Anatomy Department, the 
early stages of development of the heart, and the 
main blood vessels and blood cells in ferret embryos 
in the Spring of 1912, with the object of elucidating, 
if possible, the points upon which there is difference 
of opinion with regard to those stages of development 
in mammals.
To facilitate future references to be made 
hereafter in this communication the ferret embryos 
are classified into stages; thus, in Stage I the 
description deals principally with the blood cells 
and vascular endothelium, in Stage II the account 
relates chiefly to the first appearance of the heart 
rudiment as a single transverse vascular channel 
situated caudo-ventral to the pleuro-pericardial 
cavity, in Stage III it is shown how the single 
heart tube is converted into two lateral heart tubes, 
in Stage IV a devotion is given mainly to the des­
cription of the conditions of the two endothelial 
tubes and their relationships to the muscular wall 
of the heart, and in Stage V the site of fusion of
the
( 3 4 )
As far as the technique and the histological 
conditions of the ferret specimens, to "be immediately 
described, are concerned, the description given in 
Stage IV may be applied equally well to all the other 
specimens selected for the purpose of this investiga­
tion. The only differences to be found in this 
respect are chiefly in the matter of staining and in 
a few other minor points, such as, whether the 
embryo is detached or net from the uterus before 
being sectioned.
the two heart rudiments to form an unpaired heart
tube is indicated. At the end of Stage V a short
description of a very early human ovum is given.
( 3 5 )
#*#
The material for this stage consists of 3 
embryos. Selected sections of eacli of these speci­
mens have been photographed to show the conditions 
and relationships of the blood cells and vascular 
endothelium.
(a). FERRET EMBRYO 1.15mm. (F.C.Q.Z.(z )).
General Description.
STAGE I .
The germinal area of this embryo measures 
1.4mm. No mesodermic somites can be detected and 
there is no indication of a heart rudiment. The 
head-fold has not yet begun to develop and no intra- 
embryonic blood vessels can be found in the specimen. 
There is, however, a shallow neural groove
f^rirmtlve and Sukseij^en'ttjr dxŷcxxt
which terminates at theAcaudal.end of the bucco-A A
pharyngeal membrane. The groove broadens out caud- 
ally. Beneath the caudal end of the chordal plate, 
it becomes the chorda canal. The chorda canal term­
inates caudally in a mass of cells which fuse with 
the ectoderm at the cranial end of the primitive 
streak.
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Blood Cells.
Though no intra-embryonic blood vessels can 
yet be found in this specimen, extra-embryonically 
there are solid clusters of blood cells which are 
not surrounded by any endothelium (fig.l). In none 
of the clusters of blood cells is it possible to 
detect that the peripheral layer of the cells 
resolves into endothelium. The cells forming the 
clusters are spheroidal in shape lying between the 
mesoderm and the entoderm. They are provided with 
large well-stained nuclei and are very often adherent 
to the entodermal cells which exhibit characters 
similar to those of the blood cells. No lumen can 
be found in any of the blood clusters.
The mesodermal cells spread out in a thin 
layer to cover the adjacent yolk-sac. They are 
spindle shaped and are attached to each other by 
long protoplasmic processes.
Figure 1. shows a portion of the extra-embryon­
ic area in which a cluster of blood cells is seen 
lying free between the mesoderm and the entoderm.
The cells forming the mesoderm are, as noted, spindle 
shaped, whilst the cells constituting the entoderm 
are spheroidal and exhibit other characters which 
are similar to those of the blood cells.
Mitotic
( 3 7 )
FIGURE 1 .  X 500 .
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Mitotic division occurring in one of the ento- 
dermal cells can be detected in the neighbourhood of 
the blood cluster (fig.l). It is proved that this 
is not a singular occurrence by the fact, that a 
similar phenomenon is again seen in the entoderm of 
another embryo (stage lib. figs, 15a, and 17a.& b.).
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(b). FERRET EMBRYO 1.6mm. (F.1904. QZ. U2). 
General Description.
This embryo measures 1.6mm. after it has been 
cut. There is as yet no mesodermic somites. The 
heart rudiment is absent; and no intra-embryonic 
blood vessels can be detected. There is, of coxirse, 
no head-fold.
A primitive streak is, however, present, and 
there is a primitive groove.
The notochord is tubular at its caudal end.
In parts its ventral wall opens into the yolk-sac. 
Its caudal extremity is fused with the ectoderm at 
the cranial end of the primitive streak as in the 
previous specimen. Cranial to the primitive streak 
a faint neural groove is present on the surface of 
the embryo. It terminates, as in the previous case, 
at the bucco-pharyngeal membrane cranially.
Blood cells.
In this specimen blood cells are found abund­
antly on the wall of the yolk-sac between the meso­
derm and the entoderm. These cells are spheroidal
in
shape provided with large well-stained nuclei as in 
the preceding specimen. They are arranged in solid 
clusters without any lumina in them and are devoid 
of any endothelial coverings(figs. 2a. & b. and 3).
The majority of the cell clusters are found to he 
adherent to the entodermal cells which exhibit 
characters similar to those of the blood cells 
(fig. 2b.).
The mesodermal cells, covering the adjacent 
yolk-sac and in the neighbourhood of the blood cells 
are arranged in a thin layer which does not come into 
contact with the entoderm. They are spindle shaped 
and are connected with each other by long protoplasmic 
processes as previously noted (fig. 2a).
( 4 1 )
FIGURE 2 a .  X 2 0 0 .
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FIGURE 2 b .  X 500 .
Same as figure 2a.
(Blood cells adherent to the entoderm)
( 4 3 )
FIGURE 3 .  X 2 0 0 .
bl. c. - Blood celle, 
mes. - Mesoderm, 
ent. - Entoderm.
ir
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(c) FERRET EMBRYO 1.74mm. (F.1904. Q.A.A.Ul). 
with 3 Somites.
General Description.
The primitive streak is well marked and is 
notched at the caudal part of its extent by the 
primitive groove.
The mesoderm, covering the caudal part of the 
embryonic area, is thickened and indicates the 
position of the allantoic mesoderm. Cranially the 
mesoderm of the primitive streak fuses with the 
caudal end of the chorda.
There is a broad shallow neural groove which 
narrows cranially and its walls become much thick­
ened in the position which is occupied by the tri­
geminal ganglion. The groove gradually disappears 
and becomes continuous cranially with the bucco­
pharyngeal membrane.
There is no heart rudiment. The two pleuro­
pericardial canals are present one on each side of 
the embryo, but these have not yet grown across the 
median plane cranially; consequently there is no 
pieuro-pericardial cavity. No intra-embryonio blood 
vessels can be detected.
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Blood cells and Endothelium.
Extra-embryonically clusters of blood cells 
are found scattered over the greater part of the 
yolk-sac to which they are often adherent (figs. 4a 
& b.). The characters of the blood cells, the 
entoderm and the mesoderm are similar to those 
already seen in Stage la and b. specimens. The 
mesodermal cells (fig.5) are, however, more flatten 
ed and are connected with each other with longer
s
protoplasmic processes than those observed in the 
previous specimens. In addition to the blood cells 
endothelial cells can be detected here and there in 
the extra-embryonic region lying between the meso­
derm and entoderm. These endothelial cells, unlike 
the blood cells, are spindle shaped (fig. 4) and 
can be traced in some cases to their mesodermal 
origin.
( 4 6 )
FIGURE 4 a .  X 2 0 0 .
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FIGURE 4b.  X 500 .
and.
Same as 4a.
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The material for this stage consists of 2 
embryos one measuring 1.97mm. in length with 5 
somites and tlie other, 2.3mm. with 6 somites.
(a)
DESCRIPTION OF THE GRAPHIC RECONSTRUCTION 
OF THE HEART AND CRANIAL PORTION OF A 
FERRET EMBRYO 1.97mm. IN LENGTH WITH 5 
SOMITES. (F.B.A.A.).
This is the youngest specimen of the series 
of ferret embryos selected for the purpose of 
reconstruction in this investigation. Its total 
length measures 1.97ipm. after preparation and em- 
bedding. It may be mentioned that the sections, 
each of which is 10^. in thickness, are perfect, 
and that the histological condition is excellent.
General Description.
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STAGE I I .
Nu plastic reconstruction of the embryo was 
made, for it appeared that a graphic reconstruction 
of the heart would be sufficient for the purpose in
hand
The neural groove and the primitive streak are 
doth present. The neural tube is deepest at the 
brain region where it shows thickenings which corres 
pond to the positions of the trigeminal and otic 
ganglia. The cranial end of the neural groove 
gradually shallows until it disappears at the„caudal 




In this specimen the heart is represented 
merely by a transverse blood channel which lies 
across the median plane and unites the cranial ends 
of the two vitelline veins (figs. 6a.b.& c.). It is 
bounded caudally by the bucco-pharyngeal membrane, 
and cranially by the pi euro-pericardial cavity 
(fig. 6a). The cranio-caudal diameter of the heart 
rudiment is 20^., its breadth, 120^.. The rudiment 
of the pleuro-pericardial cavity is present. It is 
that portion of the coelomic space which crosses the 
median plane of the embryonic area cranial to the 
rudiment of the heart and is closed cranially and 
caudally, and on each side it is connected with a
pleuro-pericardial canal (figs. 6a. 7a.& b.).
-
Together with the pleuro-pericardial canals, it
forms
te fw S  crarviat (XncL Cciadxil C*.rc w\tti CXvi t<£ri ay- cx.ndL p oste fio r .
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FIGURE 6a .  X 500 .
P. - Pericardium.
H. - Heart rudiment(primary union).
P.p.c.- PI euro-pericardial canal.
V.v. - Vitelline vein.
D. Ao.- Dorsal aorta.
PI. - Plexus.
Buc. - Bucco-pliaryngeal membrane.
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FIGURE 6U. X 2 0 0 .
H. - Heart rudiment(primary union).
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FIGURE 6c. X 500 .
(Magnified from tlxe Square i n  F i g . 6 5 . ) .
Same as in Fig. 65
forms an inverted U-shaped canal (fig. 6a.) which 
lies dorso-cranial to the vitelline veins and the 
heart rudiment (fig. 8.).
Each vitelline vein is placed ventral to the 
corresponding pi euro-pericardial canal and lateral 
to the dorsal aorta of the same side (figs. 6a. and 
9.). The two veins converge cranially, and each 
terminates in the corresponding end of the heart 
rudiment cranial to the bucco-pharyngeal membrane 
(fig. 6a.).
There are two rudiments of the dorsal aortae 
(fig. 6a.). They run caudo-cranially one on each 
side of the medullarjr groove. They are still more 
or less plexiform in character, and they terminate 
blindly at their cranial extremities some distance 
caudal to the heart rudiment.
Communications between the dorsal aortae and 
the corresponding vitelline veins are described by 
Bremer(l2) in a  3.4mm. rabbit embryo. Such communi­
cations (fig. 6a.) can be traced in the caudal portion, 
of the ferret embryo at this stage, which, so far 
as its general development is concerned, is consid­
erably younger than Bremer's rabbit embryo. Caudally 
the dorsal aorta breaks up into a plexus spreading 
over the wall of the yolk-sac.
There is, of course, no ventral mesocardium,
and
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.p.c. - F I euro-pericardial canal. 
. - Heart rudiment.
(58)
As far as the pericardial cavity and the pleuro'
pericardial canals are concerned, this specimen does 
not differ, to any great extent from what has been 
described in Dasyurus viverrinus (7.5mm. vesicle) 
by Miss Parker(lo). The heart of the ferret embryo 
is, however, in a more advanced stage of development 
than the 7.5mm. Dasyurus viverrinus, in which the 
heart rudiment is represented merely by some scatter­
ed angioblast cells and strands of cells, and in 
which the vitelline veins terminate cranially at the 
level of the caudal limit of the trigeminal rudiment. 
In this ferret specimen there is evidence to show 
that, in many of the sections, the vitelline plexus 
can be traced to its origin from the splanchnic' 
mesoderm (figs. 10a. b. c. and d.).
and the head-fold and fore-gut are not yet developed.
(59)
FIGURE 9 X 200.
ect. - Ectoderm,
ent. - Entoderm.
D.Ao. - Dorsal aorta.
P.p.c. - Pleuro-pericardial cavity, 
y.v. - Vitelline vein,
mes. - Mesoderjn.
(60)




V.pl. - Vitelline plexus, 
eoe. - Coelom.
6H d,. -  EvidLotlneU LLiYV.
(61)
(62)
Same as in Fig, 10a.
(63)
Same as in Fig. ICa.
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(b).
DESCRIPTION OF A "FERRET EMBRYO ;2.3mm.' 
WITH 6 PAIRS OF SOMITES., (p. 1904. B.).
General Description,. • •
*
Tlie primitive streak is. present. Its cranial 
extremity is continuous with the notochord which 
shows indications of the notochordal canal,and,tU -noWUord,
has beg\m to dovetail with the entoderm. More1
cranially the - n o t o c h o r c t  is entirely fused with
the entoderm, and for some 10 sections cranial to the 
primitive streak it can scarcely he distinguished 
except by the height of the cells from the entodermal 
cells.
The neural groove extends caudally to the 
primitive streak. It is wide and shallow at the 
caudal end, but deepens and narrows as it passes 
cranioward between the laterally placed mesodermal 
somites,and cranial to the somatic region the.walls 
of the neural groove shows thickenings which corres­
pond in positions to the auditory and trigeminal 
areas. The neural groove then gradually shallows 
until it disappears at the caudal end of the bucco­
pharyngeal membrane.
(6 5 )
V a s c u la r  System.
This emhryo presents several features which 
have been observed, in the preceding specimen. Though 
no reconstruction was made at the time, it was found, 
however, that with a study of the serial sections, 
many of the important structures can, with ease, be 
made out. As regards general development, this 
specimen shows only a slight advance on the previous 
one. The heart and pericardium (fig. 11a.) have 
practically not changed, the former lying ventral to 
the latter. Figures 11a.& b. illustrate the union of 
the two heart tubes across the median plane, and 
immediately cranial to this, the pericardium is seen 
stretching transversely to communicate on either side 
with the pieuro-pericardial canal (figs.12a.b.& c.). 
In the 1.97mm. ferret embryo (stage lia.), it has 
been noted that there is a communication between the 
vitelline vein and the dorsal aorta. Such a communi­
cation is seen also in this specimen (fig. 13.).
Some of the intra-embryonic vascular endothelium can 
be traced to their origin from the mesoderm (figs. 
14a. & b .).
In this specimen it is possible to detect that
i n Crau- ewliryor.ic
some of theAblood cells are devoid of endothelium 
(figs. 15a. & b.), whilst others are partially en­
gulfed by flattened vascular endothelium (fig. 16.).
Figure
(6 6 )
Figures 15b., 17a. & b., taken from sections 
of the caudal end of this specimen show distinctly 
mitotic divisions in the entodermal cells in the 
neighbourhood of some blood cells.
There is no ventral mesocardium, and the fore­
gut has not begun to develop.
fU w
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.p.c. - PI euro-pericardial canal.
• - Hecrt rudiment.
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FIGURE 11U. X 500.
(Magnified from the Square in F i g .11a)
Same as in Fig. Ha.
(6 9 )





FIGURE 12U. X 500.
(M a g n if ied  from th e  Square in  F i g .  12a)
Same as in Fig 12a.
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FIGURE 1 2 c .  X 500.
PLEURO-PERICARDIAL CANALS PLACED 





P.p.c. - PIeuro-pericardial canal.
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V.v. - Vitelline vein
PI. - Plexus.
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FIGURE 14a X 500.





Same as in Fig. 14a.
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FIGURE 15 a .  X 500 .
ent. - Entoderm, 
mes. - Mesoderm, 
bl.c. - Blood cells.
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FIGURE 15b.  X 500.
ent. - Entoderm,
mes. - Mesoderm.
51.c. - Blood cells without endothelium,
mit. - Mitosis in entoderm to form
blood cell.
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FIGURE 16 X 500.




tl . o .  - Blood cells,
end. - Endothelium.
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FIGURE 17a .  X 500.
ent. Entoderm.
mes. Mesoderm.
bl.c. - Blood cells.
mit. Mitosis in entoderm
to form blood cell.
(7 9 )
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FIGURE 17b.  X 500.
Same as in Fig. 17a.
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***
The material for this stage consists of one 
embryo which is 2.3mm. in length and with 9 somites.
DESCRIPTION OP THE GRAPHIC RECONSTRUCTION 
OF THE HEART AND THE CRANIAL PORTION OF A 
FERRET EMBRYO 2.3mm. IN LENGTH WITH 9 
SOMITES. (F.Ap. 16/28/08.).
General Description.
STAGE I I I .
The amnion is closed candally. The allantoic 
diverticiilum and the allantoic mesoderm are both 
present. The neural groove extends to the caudal 
end of the embryo, but terminates, however, at some 
distance cranial to the tail amnion-fold. It narrows 
and deepens as it passes cranially.
The rudiment of the otic ganglion is distinct 
and the rudiment of the trigeminal ganglion is like- 
wise recognizable.
The head-fold has begun to form and a portion 
of the fore-gut is also defined.
There is no definition of the primary optic 
vesicle.
(8 1 )
V a s c u la r  System.
The heart of this emhryo has not yet been 
reconstructed in wax, but the graphic reconstruction 
(Fig. 18.) which has been made shows that, in length, 
this specimen is identical with the Stage lib. 
embryo, but in its general development it is decid­
edly in a more advanced stage than the preceding one, 
as the central part of the transverse rudiment of 
the heart seen in Stage II (fig. 6a.) has, in this 
specimen, begun to break up, two non-vascular loculi 
having divided it incompletely into a cranial and a 
caudal portion (figs. 18, 19a, a', b, b', c, c', d, 
d*, e, and e'). Apparently the division of the 
central part of the rudimentary transverse heart 
proceeds still further as development goes on, until 
it is completely separated into right and left 
halves, for in Stage IV (fig. 27) the heart rudiment 
is represented by two separate longitudinal endothe­
lial tubes which lie side by side and are in contact 
in their middle third.
Cranially two vessels, one on each side of the 
median plane, run cranialward from the heart rudiment. 
They arch round the cranial end of the fore-gut and 
form the first cephalo-aortic arches, which termin­
ate dorsally in the corresponding dorsal aortae
(Figs. 18 and 20).
(8 2 )
FIGURE 18 X 100.
SEMI - SCHEMATIC. 
******
D.Ao. - Dorsal aorta.
Ao.A. - Aortic arch.
H. - Heart rudiment breaking up.
p. - Pericardium.
P.p.c. - Pleuro-pericardial canal.
Pa.P.p.c.- Cut edge of parietal layer of 
Pleuro-pericardial canal.
V.v. - Vitelline vein.
So. - Somite.
Int.c.m. - Intermediate cell mass.
p.Ao.
( 8 3 )
FIGURE 19a X 100 .
D.Ao. - Dorsal aorta.
H, - Heart rudiment united across,
p. - Pericardium.
P.p.c. - PI  euro-pericardial canal.





FIGURE 1 9 a ’ X 500 .
(M a g n i f i e d  from th e  Square in  F i g .  19a)
D.Ao. - Dorsal aorta.







FIGURE 19b.  X 100 .
D.Ao. - Dorsal aorta.
H. - Heart rudiment broken up.
p, - Pericardium.
P.p.c. - P I euro-pericardial canal.






( 8 6 )
FIGURE l9b* X 500 .
(Magnified, from the  Square in  F i g .  19b)
S a m e  a s  i n  F i g .  1 9 b .
(87) 
FIGURE 19c. 100 .
(3 8 )
FIGURE 1 9 c 1 X 500.
(M a g n if ied  from th e  Square i n  F i g .  1 9 c )
Same as in Fig. 19b’.
( 8 9 )
Same as in Fig. 19c.
( 9 0 )
FIGURE I9d» X 500 .
( M a g n i f i e d  from th e  Square i n  F i g .  I9 d )
Same as in Fig. 19c*,
( 9 1 )
FIGURE 1 9 e .  X 100 .
HEART RUDIMENT UNITED ACROSS. 
*****
Same as in Fig. 19a.
(92)
HEART RUDIMENT UNITED ACROSS.
* * * * *
FIGURE l9e* X 500.
(Magnified from the Square in Fig. 19e)
Same as in Fig. I9e.
(93)
FIGURE 20 X 100.
Ao.A. -  Aortic arch..
F .g .  -  Fore-gut.
med. -  Medulla.
(94)
(F ig s .  18 and 20) .  Caudally the heart rudiment 
rece iv es  the two v i t e l l i n e  v e in s .  I t  i s  obvious 
that the fore-gut  has begun to develop pari passu 
with the head-fo ld .
The per icard ia l  cavity  i s  much wider and long­
er than i t  i s  in the preceding specimen, measuring 
870yus in  the transverse diameter and 140/««,. in the 
antero-poster ior  d irec t io n .  The two dorsal aortae 
are well  developed and run p a r a l le l  to each other 
one on each side of the median plane of  the embryo 
not far  from the medullary groove (F igs .  18, and 
l 9 a - e ) .  Here again, there i s  nothing to indicate  
the presence of a ventral mesocardium.
This stage of  development, as far as the 
heart i s  concerned, appears to f a l l  in between the 
Stage II Dasyurus v iverrinus (8.5mm.) and the Stage 
I II  Perameles nasuta (7.5mm., 11 somites) of Miss 
P arker( l5 ) .  In the Dasyurus the endothelia l  tubes 
have come actua lly  in contact with each other at 
th e ir  extreme cranial ends and presumably have united 
across the median plane of the embryo. I t  should 
be noted that the s ig n if ica n ce  of th is  connection 
between the two v i t e l l i n e  veins across the median 
plane was not dwelt upon and was considered only 
as being remarkable by Miss Parker, who s ta te s  also  
that l a t e r a l  and caudal to the median union, each
endothelial
endothel ia l  tube g ives  r i s e  to the f i r s t  aort ic  
arch, which fo l low s the an tero- la tera l  margin of  
the gut almost to the median plane and there becomes 
continuous with the corresponding dorsal aorta, the 
two aortae being well-developed at th is  stage.
I t  i s  quite probable that what has been taken 
for the f i r s t  a o r t ic  arch in Miss Parker's Dasyurus 
specimen, as in the case of Eternod's human embryo 
(vide p. 2 l ) ,  may, a f te r  a l l ,  prove to be the plexus 
which l i e s  between the dorsal aorta and the v i t e l l i n e  
vein  and which has been described by Bremer(l2) to
be present in the rabbit embryo of 5 somites. I f
.
th i s  i s  the case,  the Stage II Dasyurus may be re­
garded as being s im ilar  with the Stage I la  ferr e t  
embryo, in so far as the development of the heart,  
the v i t e l l i n e  ve ins  and the dorsal aortae i s  con­
cerned.
In the Perameles (7.5mm.), the two heart tubes 
l i e  separate from each other ventral to the closed  
fo re -g u t .  At the l e v e l  of the umbilical o r i f i c e  
they diverge and l i e  on each side of  the open gut 
in the dorso-medial wall of  the pericardium. From 
the cranial  extremity of  each endothelial  tube, there 
a r ise  two v e s s e l s ,  one of which run cran ia l ly  and 
l a t e r a l l y  towards the la t e r a l  margin of  the gut and 
then p a r a l le l  with th i s  margin. I t  loops round the
cranial
(95)
( 8 6 )
cranial end of  the gut,  jo ins  the dorsal aorta, and 
thus co n s t i tu te s  the f i r s t  aort ic  arch. The other 
v e s s e l  i s  small and runs caudally and l a t e r a l l y ,  
l a t e r a l  to and almost p a ra l le l  with the heart tube. 
This, according to Miss Parker, i s  the ventral por­
t ion  of the future second aort ic  arch. In the median 
space between the cranial  ends of the endothelial  
heart tubes are a number of scattered  angioblast  




This stage i s  represented by one embryo 2.5mm. 
in  length ,  the cranial  extremity of which has been 
reconstructed in wax.
DESCRIPTION OF THE PLASTIC RECONSTRUCTION 
OF THE HEART AND THE CRANIAL PORTION OF A 
FERRET EMBRYO 2.5mm. IN LENGTH WITH 12 
PAIRED SOMITES. (P.Ap. 13 /28 /08) .
A p l a s t i c  reconstruction of  the cranial portion  
of  th i s  embryo has been made. I t  i s  therefore  
p o ss ib le  to present a f u l l e r  description of the head 
region of  the specimen.
The Reconstruction of  the embryo was exhibited,  
along with several other Reconstructions of older 
specimens, before the Anatomical Section of the 
International  Medical Congress at i t s  meetings held 
in  London in  August 1913.
TECHNIQUE.
* * * * *
The mother was k i l l e d  with chloroform and the 
abdomen opened immediately. The whole uterus was 
removed and the embryo f ixed  en b l o c  with warm 






water and transferred to industr ia l  s p i r i t  coloured 
with, iodine in the usual manner.
The embryo, with about h a l f  of the uterine wall 
attached to i t ,  was stained in bulk with Meyer's 
acid haemalum, and co\mter-stained with eos in .  After  
subsequent treatment in the usual way, the specimen 
was embedded in paraff in ,  trimmed and provided with 
g u id in g - l in e s .  The embryo, which was exposed to view 
a f te r  the dorsal h a l f  of the uterine wall was removed, 
was carefu l ly  measured before being f ixed  and stained,  
and was found to be 2.5mm. in length,  age being 14 
days old approximately. I t  wras then cut in s e r ia l  
sec t io n s  with a thickness of 10 microns and y ie lded  
240 p erfec t  s e c t io n s ,  there being, therefore ,  a 
s l i g h t  but uniform shrinkage of  .1mm. The plane of  
sect ion  was f a i r l y  horizontal and almost transverse
to the long axis  of  the embryo in caudo-cranial
'
success ion .
On microscopical examination the resu l t ing  
sec t io n s  are found to be of e x ce l len t  quality  and 
present a perfect  h i s t o lo g ic a l  picture with frequent 
m ito t ic  f igu res  and a normal condition of the 
general contour of  the e p i t h e l ia l  l in in g s  of  the 
various organs, v e s s e l s  and body spaces -  a l l  point-
-1
ing to the specimen being normal.
Tracings of  every sect ion  of the cranial end 
of the embryo were drawn with the aid of the
projector
(99)
projector apparatus at a magnification of 100 diam­
e te r s ,  and these ,  in  turn, were made into wax-plates  
of l.mm. in th ickness .  When the p la tes  were cut out 
and methodically adjusted into p os it ion  with careful  
manipulation of  the gu iding-1 ines ,  and in the ir  
numerical order, i t  was found that they superimposed 
one another most accurate ly ,  and that the structures  
f a i t h f u l l y  took up th e ir  r e la t iv e  anatomical pos i ­
t io n s .  After the model of the embryo had thus been 
b u i l t  up, the or ig ina l  g u id ing - l in es  were dispensed 
with, but, to minimize any error that might ar ise  in 
the subsequent d iv is io n s  of the Reconstruction into  
detachable blocks to expose to view the deeper organs, 
new g u id in g - l in es  were made on the surface of  the 
Reconstruction. The p la tes  were then s o l i d i f i e d  and 
s l i g h t l y  smoothed, and the structures painted over 
Y/ith d i f f e r e n t  colours to represent the various  
organs. The model i s  now to be seen at the Anatomical 
Department, Edinburgh Univers ity .
Such p l a s t i c  reconstruct ions ,  generally  known 
as Born's Reconstruction, as has been often pointed 
out, are not to be considered as absolute ly  free  from 
error even with the most accurate manipulation of the 
wax-plates provided with the most r e l ia b le  guiding-  
l in e s ;  for  i t  has been noticed that the var ia t ions  of  
temperature in the room at the time when the model 
i s  under the process of reconstruction,  or even a fter
the
(100)
the reconstruction i s  completed, m ateria l ly  a l t e r ,  
though in a small degree, the consistency of  the 
wax employed, and therefore a f f e c t  the model; hut 
the r e s u l t s  obtained with the Born's method are such 
as cannot be so conveniently produced by any other 
known method.
General Description.
I t  should be pointed out that the embryo under
consideration came from the same uterus as the one
of 13 somites described by Yeates( l5 )  to which
references  w i l l  be made hereafter .
The embryo i s ,  in certain  ways, s imilar to the
human embryo described by Alexander Low(C8), which
measures 2.6mm. in  length and exh ib its  13 -  14
somites.  Three v i s c e r a l  pouches can be dist inguished
as in the case of  Y e a te s ' ( l5 )  specimen, but there are
only two external c l e f t s  in the specimen (Figs .  21.
and 2 5 . ) .  In the l a t t e r  respect the ferr e t  embryo
may be regarded as being somewhat younger than the
one described by Low, which shows three v iscera l
c l e f t s  besides  possess ing  an S-shaped heart tube.
The brain f lexure of the fer r e t  embryo at th i s  stage
corresponds, in a measure, more to the ferre t  embryo
of 13 somites described by Yeates and to the human




FIGURE 21. X 100.
Pol. F irs t  Visceral Pouch.
Fo2. — Second Visceral Pouch.
Po3. - Third Visceral Pouch.
V.v. - V it e l l i n e  vein .
S. v. — Sinus venosus.
S.A.C. - Sino-Atrial canal.
A. — Atrium.
A.V.C. - Atrio-Ventricular canal.
V. — V entr ic le .
Y.B.J. — Junction between Ventricle  & 
Bulbus Cordis.
Ao.A. — Aortic arch.
D. Ao. — Dorsal aorta.
mes. - Cut surface of Mesodermic t i s su e
mesenc •  “* Mesencephalon.
med. Medulla.
(102)
As in a l l  of the embryos above quoted, but 
resembling more c lo se ly  to the 4 . mm. human embryo 
described by Bremer(05-06),  the medullary tube opens 
to the ex ter io r  at i t s  cranial and caudal ex trem it ies ,  
the former(Figs.  22, 25, and 27) with a s l i t - l i k e  
but bent aperture over a distance of 28 sect ions ,  
and the l a t t e r  with an opening of equal length.
This feature harmonizes with the statement made in 
K eibe l 's  Normentafeln, that in both the pig and the 
rabbit embryos, the closure of the medullary tube 
i s  completed only a f te r  the formation of  the head 
and neck bends. I t  may be mentioned here that the
.
bucco-pharyngeal membrane i s  present(F igs .  22 and 
27) ,  and that the rudiment of the Wolffian body i s  
f i r s t  seen opposite the 7th. somite and thereafter  
i t  i s  not separated from the paraxial and la t e r a l  
mesoderm.
SOMITES.
than to the one described by Low.
There are to be found twelve pairs of  w e l l -  
formed somites which have been determined by careful  
counting■under the microscope. The f i r s t  formed 
somite i s  d i s t i n c t l y  caudal to the o t i c -  p late  by a 
distance of  .2mm. As the ganglia are not yet well
developed
(103)
developed, i t  i s  f u t i l e  to attempt, at th i s  stage of 
development, to a l l o t  the d i f feren t  somites to the ir  
respect ive  re g io n s . .  Each somite has a uniform thick  
wall three or four c e l l s  in depth, enclosing a cavity  
(myocoel) which looks very d i s t in c t  in the more 
caudal somites,  but l e s s  so in those s ituated  more 
cr a n ia l ly .  Many of the n u c le i ,  which l i e  near the 
coelom of the somite, show d e f in i t e  s igns of m ito s is .  
The more cran ia l ly  placed somites (Fig .  23) are 
d i s t i n c t l y  triangular in shape on cross se c t io n  with 
the apices pointing ventro-medially and the bases 
d o r s o - la te r a l ly ,  while the more caudal ones ( F i g .24) 
are, more or l e s s ,  quadrangular in ou t l ine .
ALLANTOIS.
The a l la n t o i s  may be described as having the 
appearance of a small diverticulum on the caudal end 
of the entodermal sac. I t s  caudal extremity i s ,  
however, b i f i d ,  as noted by Yeates of Birmingham(11); 
the b i f i d i t y  includes both the entodermal and meso­
dermal components. This mode of  development of the 
a l la n t o ic  cavity  seems to occupy an intermediate  
p o s i t io n  between that of the typ ica l  mammal and that 
of the l i z a r d .
(104)
FIGURE 22 X 100.
Neu. -  Neuropore.
B .p .m .- Bucco-pharyngeal membrane.
P* - Pericardium,
P1» -  Cut surface of Pericardium.
Tr. -  Transverse connection between 
la t e r a l  segments of S-Shaped 
muscular heart tube.
Umo. -  Umbilical o r i f i c e .
Op.v. -  Optic v e s i c l e .
Arrow in Pleuro-pericardial  canal.
( 1 0 5 )
FIGURE 2 3 .  X 100 .
m e d . M e d u l l a r y  t u b e .
S o . S o m i t e .
C o e . C o e l o m .
D.Ao. D o r s a l  a o r t a .
V . p l .  - V i t e l l i n e  p l e x u s
N o t . C .  - N o t o c h o r d .
e c t . E c t o d e r m .
e n t . E n t o d e r m .
(106)
NERVOUS SYSTEM.
T h e  m e d u l l a r y  t u b e ,  a s  a l r e a d y  p o i n t e d  o u t ,  i s  
c l o s e d  e x c e p t  a t  i t s  c r a n i a l  a n d  c a u d a l  e n d s ,  w h e r e  
t h e  c r a n i a l  a n d  c a u d a l  n e u r o p o r i c  a p e r t u r e s  a r e  
p r e s e n t .  T h e  m e s e n c e p h a l o n  i s  f l e x e d  u p o n  i t s e l f ,  
i n  s u c h  a  w a y  a s  t o  b r i n g  t h e  p r o s e n c e p h a l o n  a l m o s t  
t o  a  p l a n e  p a r a l l e l  w i t h  t h e  l o n g  a x i s  o f  t h e  r h o m b -
.
e n c e p h a l o n  w h i c h  s e e m i n g l y  m e r g e s ,  w i t h o u t  a n y  a p p r e ­
c i a b l e  d e m a r c a t i o n ,  i n t o  t h e  s p i n a l  m e d u l l a r y  t u b e  
( P i g .  2 5 . ) .  T h e  p o n t i n e  a n d  c e r v i c a l  f l e x u r e s  a r e  
d e f i n i t e l y  a b s e n t  i n  t h i s  s p e c i m e n .  T h e  o t i c  v e s i c l e  
i s  r e p r e s e n t e d  o n l y  b y  a  t h i c k e n e d  p l a t e  o f  e p i t h e ­
l i u m  w h i c h  s h o w s  n o  i n d i c a t i o n  o f  i n v a g i n a t i o n ,  a n d  
i s  s i t u a t e d  , 2 m m .  c r a n i a l  t o  t h e  f i r s t  p a i r  o f  s o m i t e s  
( v i d e  s t i p r a ) .  T h e r e  i s  y e t  n o  l e n s  t h i c k e n i n g  t o  b e  
d e t e c t e d .  T h e  p r i m a r y  o p t i c  v e s i c l e  o n  e a c h  s i d e  
i s ,  h o w e v e r ,  w e l l  r e p r e s e n t e d  b y  a  s l i g h t  b u l g e  o f  
t h e  l a t e r a l  w a l l  o f  t h e  a n t e r i o r  p o r t i o n  o f  t h e  
p r o s e n c e p h a l o n  o f  t h e  c o r r e s p o n d i n g  s i d e ,  m u c h  i n  
t h e  s a m e  w a y  a s  i n  t h e  s p e c i m e n  d e s c r i b e d  b y  Y e a t e s  
( 1 5 ) .
W h e n  t h e  w h o l e  a e r i e s  o f  t h e  s e c t i o n s  i s  e x a m ­
i n e d  u n d e r  t h e  h i g h  p o w e r  o f  t h e  m i c r o s c o p e ,  t h e  
n o t o c h o r d  i s  f o u n d  t o  b e  f r e e  t h r o u g h o u t  i t s  w h o l e  
c o u r s e ,  e x c e p t  a t  t h e  c r a n i a l  p a r t ,  w h e r e  i t  i s  s t i l l -
c o n n e c t e d
(107)
FIGURE 2 4 .  X 10 0 .
m e d .  -  M e d u l l a r y  t u b e .
S o .  -  S o m i t e .
D . A o .  -  D o r s a l  a o r t a .  
V . p l .  -  V i t e l l i n e  p l e x u s .
C o e .  -  C o e l o m ,
e c t .  -  E c t o d e r m ,
e n t .  -  E n t o d e r m .
(108)
FIGURE 2 5 .  X 100 .
P o l . _ F i r s t  V i s c e r a l  P o u c h .
P o 2 . — S e c o n d  V i s e - e r a l  P o u c h .
P o 3 . — T h i r d  V i s c e r a l  P o u n h .
V . v . - V i t e l l i n e  v e i n .
S . v . - S i n u s  v e n o s ü s .
A . - A t r i u m .
V . — V e n t r i c l e .
B . — B u i b u s .
A o . A . — A o r t i c  a r c h .
D . A o . — D o r s a l  a o r t a .
m e s . — C u t  s u r f a c e  o f  M e s o d e r m i c  t i s s u e
m e d . - M e d u l l a .
m e s e n c - M e s e n c e p h a l o n .
N e u r . N e u r o p o r e .
(109)
c o n n e c t e d  w i t h  t h e  g u t  w a l l  f r o m  a  p o i n t  o p p o s i t e  
t h e  f i r s t  s o m i t e  t o  t h e  b u c c o - p h a r y n g e a l  m e m b r a n e ,  
a n d  a t  t h e  c a u d a l  e n d ,  w h e r e  i t  i s  c o n n e c t e d  w i t h  
t h e  e n t o d e r m  f r o m  t h e  l e v e l  o f  t h e  7 t h .  s o m i t e  t o  
t h e  e n d  o f  t h e  b o d y  o f  t h e  e m b r y o .  T h e  n o t o c h o r d a l  
c a n a l  a t  t h i s  s t a g e  o f  d e v e l o p m e n t ,  a s  d e s c r i b e d  b y  
M a l l ( l 2 ) ,  E t e r n o d ( 9 5 ,  9 9 ) ,  a n d  G r o s s e r ( 1 3 ) ,  i s  j u s t  
d i s c e r n i b l e  u n d e r  t h e  h i g h  p o w e r  ( F i g .  2 6 ) .  I n  t h e  
f e r r e t  e m b r y o  o f  13 s o m i t e s  i t  i s  t o  b e  n o t e d ,  n o  
l u m e n  c o u l d  b e  m a d e  o u t  b y  Y e a t e s ( l 5 )  i n  e i t h e r  t h e  
c r a n i a l  o r  t h e  c a u d a l  p a r t s  o f  t h e  n o t o c h o r d .  I n  
p l a c e s  t h e  c e l l s  o f  t h e  n o t o c h o r d  a r e  a r r a n g e d  i n  
t w o  l a t e r a l  m a s s e s  w h i c h  s u g g e s t  t h e  p r e s e n c e  o f  
b i l a t e r a l  s y m m e t r y  ( F i g .  2 3 ) .  T h e  c e l l s  o f  t h e  
c h o r d a  a r e  c o m p a r a t i v e l y  l a r g e ,  o v a l  a n d  c l e a r .
P E R I C A R D I U M .
T h e  R e c o n s t r u c t i o n  s h o w s  t h a t  a t  t h i s  s t a g e  
o f  d e v e l o p m e n t  t h e  p e r i c a r d i a l  c a v i t y  i s  f o u n d  t o  
b e  c l o s e d  e x c e p t  i n  i t s  c a u d o - l a t e r a l  a s p e c t ,  w h e r e  
i t  c o m m u n i c a t e s ,  o n  e a c h  s i d e ,  w i t h  t h e  p t e u r o - p e r i -
'
c a r d i a l  c a n a l s  w h i c h  a r e  s i t u a t e d  d o r s o - m e d i a l  t o  t h e
*
v i t e l l i n e  v e i n s  ( F i g s .  2 2  a n d  3 0 ) .  T h e  p e r i c a r d i u m ,  
m e a s u r i n g  8 7 5 ^ . i n  w i d t h  a n d  3 5 0 ^ ^ .  i n  l e n g t h ,  i s  
r e f l e c t e d  o n  t o  t h e  t w o  e n d o t h e l i a l  t u b e s  o n  i t s
d o r s a l
( 1 1 0 )
FIGURE 26 .  X 100 .
m e d . M e d u l l a r y  t u b e .
So. Somite.
H ot .C .  - Notochord.
D . A o . Dorsal aorta.
V. v. V i t e l l i n e  vein .
P . p . c .  - P I e u r o - p e r i c a r d i a l  c a n a l
e c t . E c t o d e r m .
e n t . E n t o d e r m .
(ill).
d o r s a l  a s p e c t  f o r m i n g  t h e  d o r s a l  m e s o e a r d r u m ,  h u t  
v e n t r a l l y ,  t h e r e  i s  n o t  e v e n  t h e  v e s t i g e  o f  t h e  
v e n t r a l  m e s o c a r d i u m ,  w h i c h ,  i n  b i r d s  a n d  a m p h i b i a n s ,  
i s  s o  c o n s p i c u o u s l y  s e e n  a t  t h i s  s t a g e  o f  d e v e l o p ­
m e n t  .
H E A R T .
W i t h  t h e  v e n t r a l  p o r t i o n  o f  t h e  p e r i c a r d i u m  
r e m o v e d  ( F i g .  2 2 ) ,  i t  i s  t o  b e  o b s e r v e d  t h a t  t h e  
v e n t r a l  a s p e c t  o f  t h e  h e a r t  r u d i m e n t  i s  s e p a r a t e d  
i n  t h e  c a u d a l  b \ i t  l a r g e r  p o r t i o n  o f  i t s  e x t e n t  i n t o  
a  r i g h t  a n d  l e f t  s e g m e n t  b y  a  c r a n i o - c a u d a l  s u l c u s .
On e a c h  l a t e r a l  h a l f ,  t h e r e  a r e  a l s o  s e v e r a l  t r a n s ­
v e r s e  s u l c i ,  b u t  t h e  s i g n i f i c a n c e  o f  t h e s e  v a r i o u s  
s u l c i  i s  r a t h e r  o b s c u r e ,  a s  t h e  s e g m e n t s  m a r k e d  o u t  
b y  t h e m  d o  n o t  c o r r e s p o n d ,  i n  a n y  w a y ,  w i t h  t h e  
p r i m a r y  d i v i s i o n s  o f  t h e  h e a r t  t u b e ,  a l t h o u g h  a t  
f i r s t  s i g h t ,  i t  a p p e a r s  t h a t  t h e  l e f t  s e g m e n t  i s  
a p p a r e n t l y  a t r i a l ,  a n d  t h e  r i g h t ,  v e n t r i c u l a r .  T h e  
f a c t  t h a t  t h i s  a p p e a r a n c e  i s  d e c e p t i v e  b e c o m e s  a t  
o n c e  o b v i o u s  w h e n  a  p o r t i o n  o f  t h e  m u s c u l a r  w a l l  o f  
t h e  h e a r t  t u b e  i s  r e m o v e d  ( F i g .  2 7 ) ;  f o r  i t  i s  t h e n  
s e e n  t h a t  w i t h i n  t h e  l u m e n  o f  t h e  m u s c u l a r  t u b e ,  a n d  
s e p a r a t e d  f r o m  i t s  w a l l  b y  a  m o r e  o r  l e s s  t h i c k  m a s s  
o f  l o o s e  m e s o d e r m i c  t i s s u e ,  l i e  t w o  e n d o t h e l i a l  - t u b e s ,  
w h i c h  a r e  q u i t e  s e p a r a t e  f r o m  o n e  a n o t h e r  i n  t h e
whole
(112)





M. 6. J. 
Po. 1.
P o l .  
P o 2 .  
P o 3 .
V .  v .  
S . v .
A .
V.
V . B . J .
A o . A .
m e s .
p r o s .
R . h . t .
N e u r o
E p .
P .
B . p . m .
U m b .
A r r o w i n
F i r s t  V i s c e r a l  P o u c h .
S e c o n d  V i s c e r a l  P o u c h .
T h i r d  V i s c e r a l  P o u c h .  
V i t e l l i n e  v e i n .
S i n u s  v e n o s u s .
A t r i u m .
V e n t r i c l e .
J u n c t i o n  b e t w e e n  V e n t r i c l e  & 
B u l b u s  C o r d i s .
A o r t i c  a r c h .
C u t  s u r f a c e  o f  M e s o d e r m i c  t i s  
P r o s e n c e p h a l o n .
R i g h t  h e a r t  t u b e .
N e u r o p o r e .
E p i c a r d i u m .
P e r i c a r d i u m .
B u c c o - p h a r y n g e a l  m e m b r a n e .  
U m b i l i c a l  o r i f i c e .
P I  e u r o - p e r i c a r d i a l  c a n a l  .(PP.C.)
s u e
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whole of th e ir  extent (F igs .  27, and 28a-d).  Each 
endothelia l  tube can he followed caudally to the 
septum transversum, where i t  i s  continuous with the 
corresponding v i t e l l i n e ,  vein  immediately cranial  to 
the umbilical o r i f ib e  (F igs .  27 and 28a), and cran- 
i a l l y  i t  i s  continuous, with the f i r s t  cephalo-aort ic  
arch, which runs dorsa l ly  through the mandibular- 
arch round the cranial border of  the f i r s t  v i s c e r a l  
pouch (F igs .  25, 27 and 29).
In the Reconstruction (Fig. 27) the muscular 
coat of the heart rudiment has been removed e n t ir e ly  
on the l e f t  side but only part ly  on the r ight  s id e .
In th is  way the l e f t  endothelia l  tube i s ,  therefore ,  
f u l l y  exposed to view on i t s  ventral and la t e r a l  
aspects ,  and i t  ex h ib it s  c lea r ly  a very d e f in i t e  
ind icat ion  of separation into d iv is io n s  which appear 
to in d ica te ,  in caudo-cranial success ion,  the p o s i -
t ions of the sinus venosus, the s in o -a tr ia l .  canal,
■
the atrium, the a tr io -v en tr ic u la r  canal, the v e n tr ic le  
and the bulbus cordis (Fig .  27) .
The d i la ta t io n  (F igs .  25 and 27) which repre­
sents the sinus venosus occupies' the most caudal 
portion of  the tube and i s  part ly  embedded in the 
substance of  the septum transversum and part ly  pro­
jec t s  into  the pericardia l  cav i ty .  At i t s  caudal 
end near i t s  dorsal, aspect,  i t  rece ives  the corres­
ponding
(114)
FIGURE 28a. X 100.
med. -  Medullary tube.
F.g .  -  Fore-gut.
D.mes. -  Dorsal mesocardium. 
D.Ao. -  Dorsal aorta.
P .c .  -  Pericardial  cav ity .  
V.v. -  V i t e l l i n e  ve in ,  
end. -  Left endothelia l  tube,  
v.c.med- Vena c a p i t i s  m edia l is .
(115)
FIGURE 28b. X 100.
med. -  Medullary tube.
F .g. -  Fore-gut.
D.mes. -  Dorsal mesocardium.
D.Ao. -  Dorsal aorta.
P .c .  -  Pericardial  cav ity ,
end.r. -  Right endothelia l  tube,  
en d . l .  -  Left endothelia l  tube,  
v .c .m ed .-  Vena c a p i t i s  m edia l is .
(116)
FIGURE 28c. X 100.
RIGHT AND LEFT ENDOTHELIAL 
TUBES IN CONTACT BUT NOT FUSED.
med. -  Medullary tube.
F.g.  -  Fore-gut.
D.mes. -  Dorsal mesocardium.
D.Ao. -  Dorsal aorta.
P .c .  -  Pericardial  cav ity ,
end.r.  -  Right endothelia l  tube,  
en d . l .  -  Left endothelia l  tube,  
v .c .m ed .-  Vena c a p i t i s  m edia l is .
(117)
FIGURE 28d. X. 100.
RIGHT AND LEFT ENDOTHELIAL TUBES 




Pol . F ir s t  Visceral Pouch.
D.mes. Dorsal mesocardium.
D.Ao. Dorsal aorta.
P.c.. Cut surface of  cranial
cardial r e f l e c t io n .
end.r. Right endothelia l  tube
en d . l . Left endothelia l  tube.
v .c .m ed .- Vena c a p i t i s  m euia l is .
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FIGURE 29. X 100.
W*l'
med. -  Medullary tube.
F.g. Fore-gut.
Poi. F ir s t  Visceral  PoTich.
D.Ao. Dorsal aorta.
Ao.A. no Abrticcarch.
P. Cut surface of  cranial p e r i ­
cardial r e f l e c t io n .
end. r . Right endothelia l  tube.
(119)
corresponding v i t e l l i n e  ve in ,  w h i c h  turns abruptly 
from the transverse to a caudo-cranial d irec t io n  
before i t  empties i t s e l f  into the sinus venosus 
(Fig .  27) .
The co n s tr ic t io n  which in d ica tes  the p o s i t io n  
of the s in o - a tr ia l  canal i s  d i s t i n c t l y  marked l a t e r ­
a l ly  and dorsa l ly  (Fig .  27) .  I t  i s  l e s s  conspic­
uous v e n tra l ly ,  and i s  a ltogether  absent on the 
medial s ide of the tube. The. d i la t a t io n  (F ig s .  25 
and 27) which takes the place of the atrium i s  com­
p arat ive ly  small , and the c o n s tr ic t io n  ( F i g . 27) 
which ind ica tes  the p o s i t io n  of  the a t r io - v e n t r i c -  
ular canal can e a s i l y  be recognized on the medial 
and ventral aspects of the tube and s l i g h t l y  on the 
dorsal,  but there i s  nothing to suggest a co n s tr ic ­
t ion  on the la t e r a l  aspect in th i s  s i tu a t io n  
(Fig .  25) .
The v e n tr ic le  which i s  s i tu a ted  at the most 
cranial end of  the endothelia l  tube, i s  bent upon 
i t s e l f  (F ig .  27) ,  and the most dependent point of  
the tube i s  the most ventral part of the ventr icu lar  
portion (Figs. 25 and 30) .  I t  i s  divided by a s h a l l ­
ow depression, c lea r ly  recognizable on the la t e r a l  
aspect (Fig .  27) ,  in to  a caudal and a cranial limb; 
the l a t t e r  i s  separated by a somewhat oblique con­
s t r i c t i o n  from the bulbus cordis ,  which i s  bulged 
l a t e r a l l y  and then turns cra n ia l ly  to be continuous
with
(120)
FIGURE 30. X 100.
CAUDAL VIEW.
mi- Se
med. - Medullary tube.
So. - Somite.
D.Ao. — Dorsal aorta.
N ot .c. — Notochord.
Um b. — Umbilical o r i f i c e
P .p .c . - PIeuro-pericardial canal.
mes. — Cut surface of mesodermic t i s s u e
P. — Cut surface of  Pericardium.
V . v . l . — Left V i t e l l i n e  ve in .
V .v .r . - Right V i t e l l i n e  ve in .
Sep.t r . - Septum transversum.
S.v . - Sinus venosus.
end.r. - Right endothelia l  tube p a r t ia l ly
exposed.
Arrow in PIeuro-pericardial canal.
V. - V en tr ic le .
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with the ventral aorta immediately below the caudal 
extremity of the ventral part of the f i r s t  v iscera l  
pouch.
The r ight  endothelia l  tube, which has not been 
f u l l y  exposed in the Reconstruction, appears to 
present s im ilar  d i la ta t io n s  and con str ic t ions ,  the 
o u t l in e s  of which can be followed, to a certain  
ex ten t ,  through the muscular covering, but, since in 
the model i t  i s  s t i l l  covered in parts by muscular 
substance, the exact d e ta i l s  cannot be worked out 
at present,  and therefore no p o s i t iv e  statement  
regarding i t  can be put forward. I t  i s ,  however, 
more dorsa l ly  s i tuated  than the l e f t  tube (Fig .  30); 
moreover, the whole heart i s  bent s l i g h t ly  towards 
the r ight  s ide  in the ventr icu lar  region (Fig. 27).
The heart at th i s  stage of development i s  
attached to the dorsal wall of  the pericardium 
(F ig s .  28a-d) .  There i s  p o s i t i v e ly  no trace of a 
ventral  mesocardium in the f e r r e t  embryo (a point 
already alluded to ,  but to be f u l l y  discussed la t e r ) ,  
and the dorso*-ventral length of  tbe dorsal meso­
cardium i s  extremely short. The heart i s  applied 
c lo s e ly  to the ventra l  aspect of the pharynx in the 
region of  the second v isc era l  pouch.
In t h i s  communication i t  i s  proposed not to 
enter in d e ta i l  into  the development of the blood
v es se ls
.
, - 'C
v e s s e l s  beyond the region of  the heart,  but, in  
passing, i t  i s  perhaps of in te r e s t  to note that the 
ventral aorta communicates from the dorsal end of  
the bulbus cordis and runs cran ia l ly  but ventral to 
the f i r s t  v i s c e r a l  pouch, then turns dorsally  round 
the cranial border of the pharynx to form the f i r s t  
cephalo-aort ic  arch, and, f i n a l l y ,  i t  pursues a 
course caudally along the dorsal wall of the fore-  
gut as the dorsal aorta (Figs.  21 and 25), I t  i s  
a r e l a t i v e l y  wide v e s s e l ,  i t s  cal ibre throughout 
being d i s t i n c t l y  greater than that of the bulbus 
cordis .
Immediately dorsal to the dorsal aorta there 
i s  s i tu a te d  on each s ide of the embryo a se r ie s  of  
apparently i s o la te d  sect ions  of a minute blood 
v e s s e l  (F ig s .  28a-d) .  These c a p i l l a r ie s  l i e  close  
against  the medullary tube. This ves se l  appears to 
be the vena c a p i t i s  medialis  of Grosser(95), which 
Miss Parker a lso  has found to be present in her 
Stage III  Perameles nasuta 7.5mm,
Intersegmental o f f - sh o o ts  from the dorsal
■
aortae in  the region of  the caudal somites are 
described by Miss Parker in Perameles nasuta, but
no such o f f - sh o o ts  from the dorsal aortae could be
, •
found in the f e r r e t  embryo at th is  stage.  In the 




aortae become continuous with the v i t e l l i n e  a r ter ie s ,  
which spread themselves out in a plexiform manner 
on the wall of the yolk-sac (Fig. 2 4 . ) .  This stage 
of development of the dorsal aorta in the ferret  
agrees,  in some ways, with the 1.3mm. human embryo 
described by Eternod (95, 99).
The v i t e l l i n e  vein  (Fig. 27) which opens into  
the caudal end of the sinus venosus, so far as i t  
l i e s  on the embryonic region, runs at f i r s t  trans­
v er se ly  towards the median plane in the substance 
of the septum transversum immediately cranial to 
the umbilical o r i f i c e .  As i t  approaches the median 
plane, i t  changes i t s  course suddenly, making a 
sharp bend upon i t s e l f  cran ia l ly ,  and terminates,  
as has already been indicated, in the dorsal extrem­
i t y  of  the caudal part of  the corresponding sinus  
venosus. I t  i s  applied so c lo s e ly  to the margin 
of the umbilical o r i f i c e  that i t s  caudal border 
causes a d i s t i n c t  bulging of the boundary of the 
o r i f i c e  (Fig .  27) .
For the sake of  comparison, and for the 
purpose of bringing out the ch ie f  d if ferences ,  as 
far  as the development of the heart i s  concerned, 
between th i s  specimen and that of Y eates ( l5 ) ,  the 
d escr ip t ion  of  the endothelia l  tubes of the la t t e r  
given by Yeates might be quoted:
”As the endothelia l  tubes course through the
prim it ive  cav i ty  of the heart (the primitive cavity
of
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of the heart means the cavity  within the muscular 
tube -  the myoepicardium) they are separated by a 
var iab le  but d i s t in c t  interval  from the myoepicard­
ium. The myoepicardial tube has previously been 
s ta ted  to present con str ic t ions  at each extremity,  
at the s in u a tr ia l  junction and at the a tr io -v en tr ic -  
ular canal.  The endothelia l  tubes present corres­
ponding co n s tr ic t io n s .  In the region of these  
co n s tr ic t io n s  the endothelia l  tubes are r e la t iv e ly  
c lose  to the primitive myoepicardium, w hi ls t  they 
gradually recede from the heart wall as the middle 
of each of the three primitive ca v i t ie s  of the 
muscular heart i s  approached. In other words, the 
muscular cavity  i s  more expended, and the endothe- 
l i a l  i s  more tubular between the con str ic t ion s .  The 
endothel ia l  tubes are in contact medianly in the 
cranial two-thirds of  the atrium, in the ven tr ic le  
and in  the region of the bulbus. In the a t r io ­
v en tr icu la r  canal they are not only in contact but 
have fused and are p a r t ia l ly  absorbed, so that the ir
j
c a v i t i e s  communicate across the median plane. On 
the other hand, in the region of the sinus venosus 
and of  the truncus, the tubes are free and separate 
from each other. The portions of the tubes which 
are in contact within the atrium are connected by 
d e l i c a te  endothel ia l  strands with the inner aspect
( 1 2 5 )
of the ventral  wall of the atrium along the crest  
of the irregu lar  r idge,  which has teen spoken of as 
the remains of  the primitive cardiac septum. The 
v en tr ic u la r  limb of the endothelia l  tubes are sub­
divided into v e n t r i c l e ,  bulbus cordis,  and truncus 
a r ter io su s ,  by two f a in t ly  marked con str ic t ions .  The 
endothel ia l  heart ,  therefore ,  cons is ts  o f ,  not only 
sinus venosus, atrium, and v e n tr ic le ,  as in the 
muscular heart ,  but a lso  of bulbus cordis and truncus 
a r t e r i o s u s ."
I t  w i l l  be noticed  then that the specimen 
just  c i ted  i s  decidedly in a more advanced stage of  
development, s ince the two endothelia l  tubes have 
p a r t ia l ly  fused in the region of the a tr io -v e n tr ic -  
ular canal,  much in the same way as the Stage V 
specimen to be presently  described.
Subdivisions of both of the endothelia l  tubes 
in to  sinus venosus, atrium, v e n t r ic l e ,  bulbus cordis  
and truncus ar ter iosus  have been observed also  by 
Yeates in h is  specimen; but unlike those of the 
Stage IV 2.5mm f e r r e t  embryo these subdivisions  
correspond in the main in p os i t ions  to those exhibited  
in the muscular (myoepicardial) wall of the heart 
tube. One point which i s  c lear  i s  that the endothe- 
l i a l  tubes d i f f e r e n t i a t e  into th e ir  various sub­
d iv is io n s  more completely than the muscular tube.
I t  should be pointed out that the second aortic
arch
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arch in Yeates' specimen has already made i t s  appear 
ance.
I t  i s  to be noted that,  as far  as the external  
appearance of the heart i s  concerned, the ferre t  
embryo at th is  stage o f  development shows certain  
prominent features  which are in many respects ident­
i c a l  with those of  the dog of a s imilar stage of 
development, and which have been invest igated  by 
Bonnet(Ol), In h is  papers i t  has not been poss ib le  
to f ind  a comprehensive description  of the develop­
ment of the heart of the dog. In f igure v i  (Anat. 
Heft,  1901, Bd. 16) Bonnet depicted a dog embryo 
5,7mm, long with 10 pairs of somites. Here the 
heart i s  represented by two endothelial  tubes which 
are d i s t i n c t l y  separated from one another and are 
both bent towards the r ight  side in the ventricular  
region. Each endothelia l  tube has, for  i t s  caudal 
con t inu ity ,  the corresponding v i t e l l i n e  vein,  which 
runs la tero -m ed ia l ly  and at the same time cran ia l ly  
towards the sinus venosus. There seems to be no 
d i s t i n c t i v e  demarcation between the sinus venosus 
and the atrium, but between the atrium and the vent­
r i c l e  there i s  a c o n s tr ic t io n  both on the la te r a l  
side and medial s id e .  The v e n tr ic le  looks very much 
d i la ted  in the f ig u r e ,  so much so that,  when viewed 
from i t s  ventral aspect ,  the whole heart appears to
be
(12V)
be formed by the distended v e n t r i c l e ,  with the bulbus 
cordis and atrium attached to i t  cran ia l ly  and caud- 
a l ly  re sp e c t iv e ly  as mere appendages. The bulbus 
cordis i s  c le a r ly  constr ic ted  o f f  from the v e n tr ic le ,  
and i t s  ca l ibre  i s  barely one-third of that of the 
v e n t r i c l e ,
( 1 2 8 )
STAGE V.
* * *
The material for  th is  stage cons is ts  of one 
embryo which measures 3.14mm. in length.
DESCRIPTION OF THE GRAPHIC RECONSTRUCTION
OF THE HEART OF A FERRET EMBRYO 3.14mm.
IN LENGTH WITH 13 -  14 SOMITES. (F .15d (e ) ) .
The general development of th is  embryo i s  so 
s im ilar  to that of the Stage IV specimen as to merit 
no separate descr ip t ion .
The specimen i s  s l i g h t l y  older than the Stage 
IV f e r r e t  embryo. As in the case of the other 
embryos described the s ta te  of preservation of th is
embryo i s  p er fec t .  In length,  i t  undoubtedly exceeds
'
the Stage IV specimen, but when other measurements 
are taken, the f a c t  i s  revealed that the embryo in  
question i s  r e l a t i v e l y  a small one. The pericardial  
cav ity  measures 400^. in i t s  cranio-caudal diameter 
and 8 4 ^ .  from side to s id e .
No p l a s t i c  reconstruction of th is  embryo has 
been made. The graphic reconstruction of the heart,  
however, shows that the two endothelia l  tubes have 
united in part of  th e ir  extent (F igs .  31 and 32) .





FIGURE 31. X 100.
. v .  -  V i t e l l i n e  vein .
.v .  -  Sinus venosus.
-  Atrium.
. -  V entr ic le .
Bui bus cordis .  
o.A -  Aortic arcd.
.Ao. -  Dorsal aorta.
. -  R ef lec t ion  of  Pericardium,
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FIGURE 32. X 100.
SECTION THROUGH FUSED VENTRICULAR REGION.
med. -  Medullary tube.
F .g .  -  Fore-gut.
D.Ao. -  Dorsal aorta.
D.mes. -  Dorsal Mesocardium.
P .c .  -  Pericardial cavity ,
end. -  Fused ventr icu lar  portion of
the two endothelia l  tubes.
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s ix teen  sect ions  of 10^. each, appears to be the 
v en tr icu lar  part and l i e s  more to the right side  
(F ig s .  31 and 32) .  Cranially the fused v e n tr ic le  
divides in to  two v e s s e l s ,  each of which represents  
the bulbus cordis (F igs .  31 and 33) and becomes 
continuous with i t s  corresponding dorsal aorta by 
looping round the cranial end of  the pharynx, thus 
co n s t i tu t in g  the f i r s t  cephalo-aortic  arch (Fig .  31) .  
The paired a tr ia  run into the fused v en tr ic le  cran­
i a l l y  and each rece ives  i t s  sinus venosus caudally  
(Fig .  34) .
The v i t e l l i n e  veins are very much in the same 
stage of development as those observed in Stage IV 
(Compare f i g s .  27 and 31) .  The right vein pursues 
a more transverse course la tero-m edia lly  and term­
inates  at i t s  corresponding sinus venosus. In t h i s ,  
as in the preceding specimens, there i s  no trace of 
a ventral mesocardium. The dorsal mesocardium i s ,  
however, present in  th i s  specimen (Figs .  32, 33 and 
34) .
I t  may be observed that at th is  stage of  
development the f e r r e t  heart ,  though resembling very 
c lo s e ly  the heart of the Stage V Perameles obesula 
( l 9 . v i i i . 0 3 )  described by Miss Parker, yet d i f f e r s  
from i t  in many resp ects .  In both cases the two 
endothel ia l  tubes have part ly  fused. In the ferret
the
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the fus ion  occurs in the ventr icu lar  region (Fig.  
3 1 . ) .  In the Perameles obesula, according to Miss 
Parker, the bulbus i s  the only portion of  the heart 
in which the endothelia l  tubes have actua lly  fused 
at th i s  s tage .
Asymmetry of  the two endothelial tubes has 
also been noted in Perameles embryos. Miss Parker 
observes that w h i ls t  the l e f t  heart tube i s  pract­
i c a l l y  s tra ig h t ,  the right tube shows well-marked
curvature. In tlie f e rr e t  i t  tLas been found that
.
the two tubes,  prior to fusion,  appear to have been 
s h i f te d  as a whole towards the right side ( F i g .27) ,  
and that they remain in th is  p os i t ion  even a f ter  
p a rt ia l  fusion  has taken place (Fig. 31) .  Two pairs  
of ao r t ic  arches are found ar is ing  from the fused 
bulbus in the Perameles embryo, but only one pair  
of v e s s e l s  can be recognised in the ferr e t  embryo 
at th i s  s tage ,  and these come from the yet unfused 
bulbus (Fig .  31) .  In both instances,  the v en tr ic ­
ular portion i s  the most dependent part of the 
endothel ia l  tubes.
Stage VI Macroptis r u f i c o l l i s  5.2mm. of Miss 
Parker i s  d i s t i n c t l y  older and i s  in a more advanced 
stage of  development than the Stage V ferr e t  embryo. 
In the Macropus the r ight and l e f t  heart tubes are 
fused except in the region of the sinus venosus,
where
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where they remain separate. Three pairs of aort ic  
arches are described. The fused heart has already 
begun to acquire the S-shaped curvature, so that the 
bulbus arter iosus  l i e s  dorsal to the cephalic extre­
mity of the v e n t r i c l e .  The bulbus arteriosus i s  
continued into a short median ventral aorta which 
b ifu rca tes  to form the f i r s t  pair of aort ic  arches. 
The second and third pairs of aort ic  arches arise  
from the median ventral aorta immediately caudal 
to i t s  biihircation. The a tr ia l  limb of the S. i s  
carried into p os i t ion  dorsal to the v e n t r ic l e .
(133a)
FIGURE 33. X 100.




D.mes. - Dorsal mesocardium.
P .c . Pericardial cavity .
end.r.  - Bulbus cordis of
r ight endothelial  tube
en d . l .  - Bulbus cordis of
l e f t  endothelial  tube.
SECTION THROUGH THE SINUS VENOSUS.
(l33b)
FIGURE 34. X 100.
med. -  Medullary tube.
F .g .  -  Fore-gut.
D.Ao. -  Dorsal aorta.
D.mes. -  Dorsal mesocardium.
P. -  Caudal r e f l e c t io n  of Per i­
cardium at the le v e l  of
Septum transversum.
P .p .c .  -  PIeuro-pericardial cavity .  
V .v .r .  -  Right V i t e l l i n e  vein.  
S . v . l .  -  Left Sinus venosus.
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A VERY EARLY HUMAN OVUM 
EMBEDDED IN THE UTERUS.
* * * * *
For th is  in te r e s t in g  human ovum I am indebted 
to Dr. R. W. Johnstone, Edinburgh University ,  who 
has very kindly placed the se r ia l  sect ions at my 
d isp osa l .  The description  of the embryonic rudiment 
of the specimen given by Dr. Johnstone in the 
Journal of Obstetrics and Gynaecology of  the B r it ish  
Empire, May, 1914. , may be quoted in length.
"Owing to the damage received by the specimen 
the embryonic rudiments are considerably folded and 
at one or two points broken. I t  i s  therefore im­
p oss ib le  to id en t i fy  them with absolute certa inty ,  
and I sh a l l  in the f i r s t  place merely describe what 
i s  to be seen.
"As one fo l lows through the sect ions  one comes 
f i r s t  upon a v e s i c l e  which i s  somewhat crumpled, but 
i s  roughly tr iangular in shape. This v e s i c l e  passes  
through 35 sec t io n s  and therefore measures in th is  
d irec t io n  0.35mm. I t s  other maximum diameters are 
0.39mm and 0.21mm. In most parts i t  presents two 
d e f in i t e  layers  of  c e l l s .  The outer layer,  which 
i s  sometimes very much thinned, contains c e l l s  with
oval
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oval n u c le i .  In the thinned parts these are f la tten ed  
out and arranged p a ra l le l  to the surface. This layer  
corresponds in evez-y way to the mesodermic l in in g  of  
the chorion, and with th is  t i s su e  i t  i s  at one angle 
of the tr ian g le  d e f in i t e ly  and su bstan t ia l ly  contin­
uous. The inner layer i s  composed of rather larger  
c e l l s  which s ta in  more deeply, and contain large  
round or oval nuc le i  with well marked, deeply s ta in ­
ing chromatin network.
••The shortest  side of th is  triangular v e s i c l e  
presents an appearance very l ik e  an embryonic area - 
that i s  to say, i t  i s  composed of c e l l s  heaped toge­
ther in three or more irregular rows. In th is  area, 
which measures 0.21 by 0.2mm., the nuclei  are more 
oval,  and tend to be arranged perpendicularly to the 
edge of the v e s i c l e .
•At one end of th is  farea'  a considerable fo ld  
or pocket i s  given o f f ,  which, but for s e r ia l  sec t ion ­
ing, might e a s i ly  have been mistaken for a second 
smaller v e s i c l e .  I t  i s ,  however, d ire c t ly  continuous 
with the larger portion of the v e s i c l e .
•On the wall Of' the larger portion there are 
one or two thickenings which resemble the anlagen 
of blood v e s s e l s .  But on tracing these through 
several  sec t ions  they are found to be merely lo ca l ise d  
th ickenings,  which i t  i s  impossible to denote def in-  
i t e l y  as the precursors of v e s s e l s .  This v e s ic l e  is
unfortunately
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unfortunately ruptured at one end, and there are a 
few maternal red blood corpuscles present within i t ,  
as well  as some of the mesodermie magma.
•In the la t e r  sect ions  containing th is  f i r s t  
v e s i c l e  a second v e s i c l e  makes i t s  appearance to the 
l e f t  of the f i r s t .  This passes through 26 sect ions  
and accordingly measures in th is  d irect ion  0.26mm.
I t s  other maximum diameters measure 0.28mm. and
0.14mm. I t  i s  a lso  somewhat crumpled, and i s  roughly 
tr iangular in shape. In structure i t  i s  a rep l ica  
of the f i r s t ,  presenting the same two layers of  
c e l l s .  At the angle far thes t  away from the f i r s t  
v e s i c l e  i t  also i s  d e f in i t e ly  and su bstan t ia l ly  
attached to the b las tocys t  w all ,  i t s  outer layer  
being for some distance continuous with the mesoderm­
al l in in g  of the chorion.
•In  a number of  the sect ions  about one-third  
of the way:through th is  v e s i c l e ,  the cavity  of the 
v e s i c l e  i s  almost wholly f i l l e d  up with c e l l s .  This 
f lo o r in g  of c e l l s  appears to divide i t  more or l e s s  
completely into two smaller v e s i c l e s .  This v e s i c l e ,  
l ik e  the f i r s t ,  i s  not absolute ly  in ta c t ,  and several
red blood corpuscles may be seen in i t s  in ter io r .
•*
At no point do the two v e s i c l e s  come into actual  
contact ,  and the ir  attachments to the wall of the 
b la s to c y s t  are towards the opposite extremes of  the 
one s ide  of  that structure".
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I have examined, carefu l ly  the whole s e r ie s  of  
the sec t ions  of th i s  ovum and have found that true 
vascular endothelium in the form of i so la te d  cords 
i s  present in the ventral pole of both of the v e s i c l e s  
near th e ir  attachments to the b la s t o c y s t s , .  Dr John­
stone, however,. considers these endothelia l  cords 
as merely lo c a l i s e d  thickenings which he was finable 
to denote d e f in i t e ly  as the precursors of v e s s e l s .
The reason for the assert ion  that these c e l l  cords 
represent true endothelium and not as merely l o c a l ­
ised  thickenings w i l l  be found la t e r  in the d iscu ss ­
ion of th i s  communication.
(138)
* * * * *




development of the ^ c e l l s  into red and white corp­
u sc le s  l i e s  outside the scope of the present commun­
ic a t io n .  I t  i s  therefore proposed to l im it  the 
d iscu ss ion  to the developmental re la t ionsh ip s  which 
the blood c e l l s  have in common with the vascular  
endothelium.
In the paragraph dealing with the development 
of  the extra-embryonic vascular rudiments in mammals, 
i t  has been pointed out that in embryos of the higher  
ver tebra tes ,  the e a r l i e s t  vascular rudiments have 
invariab ly  been described by most authors as appear­
ing, at f i r s t ,  in the form of lo c a l iz e d  c e l l  cords, 
ly in g  upon the yo lk-sac  between the mesoderm and the 
entoderm. His(OO) was the f i r s t  to suggest that 
these c e l l  cords u lt im ate ly  develop into blood 
v e s s e l s  and blood c e l l s ,  and the name of Angioblast 
was, therefore ,  a l l o t t e d  by th i s  author to these  
rudiments. Thus far a l l  observations on th is  point 
in c l in e  to support the work of  His. According to 
the general current of  opinion the angioblast i s
found
(139)
ly in g  between the mesoderm and the entoderm, at f i r s t ,  
in the form of  c e l l  cords in the area vasculosa immed­
ia t e ly  surrounding the embryonic sh ie ld .  It  i s  
believed  that the peripheral part of  the angioblast  
soon reso lves  i t s e l f  into an uninterrupted net-work 
of endothelium and the central part into c lusters  
of blood c e l l s .  I t  i s  further stated that the endo­
thelium thus formed i s  capable of producing new 
blood c e l l s .
In the l i t e r a tu r e  of  the past twenty-five years  
there are numerous descriptions and i l l u s t r a t i o n s  of 
the or ig in  of  blood c e l l s  from the vesse l  l in in g s .
In 1892 Schmidt described the transformation of  
individual endothelial  c e l l s  into white and red 
blood corpuscles.  In support of th is  view Maximov/
(09) s ta te s  that the endothelia l  c e l l s  and blood 
c e l l s  are c lo se ly  re lated  and arise  from a common 
stem c e l l  in the blood is lands and may continue to 
do so from such a c e l l  during la t e r  development.
This author further claims that the intra-vascular  
primitive blood c e l l s  are not only increased by 
m itos is  but are a lso  added to by the p ro l i f era t io n  
of the same kind of c e l l s  from the f ixed  endothelial  
wall of  the primitive v e s s e l s .  Minot(l2),  however, 
disagrees with Maximow on the ground that there i s  
no protoplasmic continuity  of  the endothelia l  c e l l s
with
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with the blood, c e l l s ,  and that m itos is  of the endo­
thelium in the neighbourhood of  the c e l l  c lu s ter s  
i s  wanting. Minot regards the c e l l s  forming the 
c lus ters  as s o le ly  primary wandering c e l l s .
The most damaging evidence against Maximow*s 
view i s  to be found in the recent work of Stockard 
(15) ,  who, a f ter  having conducted a ser ie s  of  exper­
iments on Fundulus, comes to the conclusion that  
endothelia l  l in in g  of v e s se l s  i s  u t t er ly  incapable 
of giving r i s e  to any form of blood c e l l s ,  and that  
vascular endothelium ar ises  in loco in many parts  
of the embryonic body in which blood c e l l  rudiments 
are not present.
It  i s  obvious that there has not yet been 
found a so lut ion  of  whether vascular endothelium 
and blood c e l l s  are interchangeable, that i s  to 
say, whether blood c e l l s  are capable of metamorphosis 
into endothelial  l in in g s ,  and whether the l a t t e r ,  
once formed, has the power of regeneration into any 
type of blood c e l l s .  A further point regarding the 
vascular rudiments which i s  by no means l e s s  import­
ant, i s  the gen et ica l  or ig in  of the angioblast  
(blood c e l l  and vascular rudiments). Whether angio-  
b l a s t i c  c e l l s  should be regarded as a derivative  
from the mesoderm or from the entoderm remains s t i l l  
the subject of  much controversy and speculation.
The
The d i f f i c u l t y  which has h itherto  been encountered 
in determining the precise  mode of or ig in  of these 
vascular rudiments l i e s  in the fact  that nearly a l l  
in v es t ig a to rs  in th is  f i e l d  of work have assumed 
that blood c e l l s  and v e s se ls  have a common orig in .  
The common rudiment for these two structures i s  
generally  spoken of as the 1Angioblast' .  This seems 
to be the chief  cause of the great d ivers i ty  of the 
re su l t s  so far obtained, and accounts for the 
establishment of the two views regarding vascular  
or ig in ,  namely, the mesodermic and the entodermic.
In defence of. the former, as has already been ind i­
cated, the names of Maximow(09), Weidenreich(lO), 
Ruckert and Mollier(06) and Stockard(l5) are asso­
c ia ted ,  and in favour of the l a t t e r ,  Koll iker(82)  
and Robinson(92) are of prominence. It  appears, 
therefore ,  that as long as the blood v e s se ls  and 
blood c e l l s  are to be regarded as having a common 
or ig in ,  so long w i l l  controversies continue to 
t h r iv e .
With th is  in mind, i t  i s  the endeavour of the 
present author to bring forward a few fa c ts  which 
have been observed in the course of invest iga t ion  
into  the early stages of development of the main 
blood v e s s e l s  and of the heart in the ferret  embryo, 
and, with the aid of these observations, to seek a
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c l u e
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clue to the so lu t ion  of the much contested problem 
of the orig in  of blood v e s s e l s  and blood c e l l s  in 
mammals.
I t  i s  proposed that the term »Angioblast' ,  i f  
used at a l l ,  should be l im ited  to endothelial rudi­
ment only. The reason for r e s t r ic t in g  th is  term 
w i l l  be explained la t e r .
Against the view that vascular endothelium i s  
capable of producing blood c e l l s ,  i t  has been urged 
that no real vascular endothelial c e l l  has been 
actua lly  observed to metamorphose into a blood c e l l  
or to divide o f f  another c e l l  which forms a blood cel  
and u n t i l  such a d irect  observation i s  forthcoming 
one can only question the accuracy of the in terpret­
ation of the various observations up to now recorded. 
This same argument may be put in the opposite d ir e c t ­
ion, that i s ,  that no blood c e l l  has been credited  
with indisputable evidence as being capable of 
being transformed into an endothelial c e l l .
In the fe r r e t  embryos, Stage la .  and Stage l ib  
(F igs .  1. 15b. and 17a.&b.)  i t  i s  possible  to ident­
i fy  m ito t ic  d iv is io n  in the entodermal c e l l s  in the 
neighbourhood of blood c e l l  c lu s ter s .  There i s  no 
evidence to show that in the f e r r e t ,  endothelial  
c e l l s  are capable of g iving r i s e  to blood c e l l s .




be observed that blood c e l l s  are in  abundance on the 
y o lk -sac .  These are frequently adherent to the ento-  
dermal c e l l s  which, i f  not in d irect  protoplasmic 
continuity  with the blood c e l l s ,  are, in many cases,  
in c lose  contact with them. It  i s  to be further  
noted that where the apposition of these c e l l s  i s  
intimate,  i t  i s  impossible to d is t ingu ish  the blood 
c e l l s  from many of the entodermal c e l l s ,  the n uc le i ,  
s iz e  and shape of the two kinds of c e l l s  having a 
close  resemblance. On the other hand, a great 
d is s im i la r i ty  e x i s t s  between the blood c e l l s  and 
the neighbouring mesodermal c e l l s ,  for in the former, 
the c e l l s  are, without exception, spheroidal in 
shape, th e ir  nucle i  are large,  s ta in ing  more deeply 
and the protoplasm i s  comparatively small in amount, 
w hils t  in the l a t t e r ,  the c e l l s  are usually  spindle  
shaped, the ir  nuc le i  have mostly d i f feren t ia ted  and 
taken on a l ig h te r  s ta in  (F igs .  3, 4 a .& b . ,  5, and 
15a). Furthermore, in the fer r e t  embryos blood c e l l s  
have been observed in regions of the yolk-sac where 
invasion of the mesoderm has not yet taken place.
The above fa c t s  appears to indicate that,  in the 
f e r r e t  at l e a s t ,  i f  not in a l l  the other mammals, 
the or ig in  of blood c e l l s  from the entoderm i s  highly  
probable. For th is  reason the plea i s  put forward
that
that the term 'Angioblast'  should not he applied  
to the blood c e l l  rudiment.
With regard to the genet ic  orig in  of the 
vascular endothelium, numerous invest igators  have 
recorded wandering mesenchymal c e l l s  upon the yolk-  
sac.  Stockard(l5) claims that in Fundulus these  
wandering mesenchymal c e l l s  u lt imately  give r ise  
to four d i f fe r en t  kinds of c e l l s  - the endothelial  
c e l l s ,  the black chromatophores, the brown chromato- 
phores and the blood c e l l s .
Another current view i s  that a fter  the so-  
ca l led  'Angioblast’ has made i t s  appearance, the 
vascular endothelium ar ises  from the c e l l s  of the 
blood is lands  by a re-arrangement of the peripheral 
c e l l s  of  the blood is lands to form l in in g  endothe- 
ium and the central ones to remain as blood c e l l s ,  
and that further extension of the endothelium is  
brought about by buddings of the endothelium which 
appear, at f i r s t ,  as so l id  cords but la te r  become 
hollow. There i s  so far no convincing evidence to 
show that the peripheral c e l l s  of  the blood islands  
in the f e r r e t  are capable of being transformed into  
endothelia l  c e l l s .  I t  i s  to be noted that in the 
f e r r e t ,  endothelia l  c e l l s ,  whether in the form of  
s o l id  cords or grouped together with a lumen, are 
invariably spindle shaped from the very beginning.
Z ie g le r (87)
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Z i e g l e r ( 8 7 )  maintains that the system of blood 
v e s s e l s  and that of the lymphatic v e s se ls  are pro­
duced from the remnants of the b lastocoel  which 
remain behind as v e s s e l s ,  lacunae, or in te r s t i c e s .  
F e l ix (9 7 ) ,  however, in c l in e s  to the b e l i e f  that the 
circu latory  system i s ,  from a developmental point 
of view, c lo se ly  related with the coelom.
In connection with th is  question Stoclcard(l5) 
s ta te s :  "The v e s s e l s  aris ing from independent mesen­
chymal c e l l s  in the space of the b lastocoel  in the 
t e l e o s t  yolk-sac e n t ir e ly  overthrow any notion that 
v e s s e l s  ar ise  ontogenetica l ly  as portions of the 
coelomic epithelium. The vascular lumen i s  origina­
l l y  continuous with the primary body cavity ,  the 
segmentation cav ity ,  and never with the secondary 
body cavity  or coelomic cavity."
I t  i s  c lear that these authors agree, at l e a s t ,  
that the orig in  of the endothelium i s  from the 
mesoderm. In the f err e t  i t  i s  possib le to demonstrat 
that endothel ia l  c e l l s  take th e ir  origin  from the 
splanchnic layer of the mesoderm. In some of the 
sect ions  of the f e r r e t  embryo of Stage I la .  (Figs.
10a -  d) there are indicat ions to support the view 
of F e l ix (97 )  that portions of the coelomic space 
surrounded by mesoderm may be cut o f f  to form vas­





ent ly  o f  blood c e l l s  i s  further strengthened by the 
observations of Stockard(l5) ,  who finds that vascular 
endothelium ar ise s  in loco in many parts of the 
embryonic body of the Fundulus, in which blood ce l l  
rudiments are not present,  and that independent blood 
i s la n d s ,  having no connection with the intermediate 
c e l l  mass, are found on the yolk-sac,  and even in 
extremely young embryos blood islands may appear on 
the ventral  yolk surface at a great distance away 
from the intermediate c e l l  mass. He maintains also 
that ear ly  blood is lands are invariably d e s t i tu te  of 
endothel ia l  l in in g s .  Though favouring the view that 
vascular endothelium and blood c e l l s  are independent
!
of each other in th e ir  mode of development, Stockard 
C15) f irmly b e l ie v e s  that both types of c e l l s  are 
derived from wandering mesenchymal c e l l s .  His recent
j
conclusions on the development of the vascular endo­
thelium and blood c e l l s ,  which appear in the November 
i ssue  of  the Amer. Jour, of Anatomy v o l . 18. No.3.
1915., may, for  the sake of comparison, be summarised 
as fo l lows:
1. The mesodermal layer in Fundulus embryos
i s  represented by numerous separate wandering 
mesenchymal c e l l s .  These c e l l s  migrate 
away c h ie f ly  from the caudal end of the
embryo
(146)
The opinion that endothelium develops independ-
.
(147)
embryo between the ectoderm and the entoderm 
(p e r ib la s t  of  the yo lk -sa c ) .  When the c e l l s  
f i r s t  make the ir  appearance they are a l l  
c lo s e ly  s im ilar in shape and s iz e .
2, Later the wandering mesenchymal c e l l s  begin 
to d i f f e r e n t ia t e  into:
a, Elongated spindle c e l l s  with de l icate  
filamentous processes (endothelial  
c e l l s ) .  These c e l l s  tend to group 
themselves into more or l e s s  irregu­
la r  c o l l e c t io n s .  "This ce l lu la r  
aggregation may then be regarded as 
the actual anlage of the vascular  
endothelium of the future v e s se l .
The anlage consis ts  merely of a group 
of separate wandering mesenchymal 
c e l l s  and not of a capil lary  net in 
any sense". The endothelial c e l l s  
never metamorphose into blood c e l l s .
b, Amaeboid c e l l s  with conical pseudo­
pod-l ike processes (Black and Brown 
chromatophores).
c, Small c ircu lar  c e l l s  with thick  
pseudopods (blood c e l l s ) .  These 
c e l l s  wander out la ter  than a. and b. 
and from a l im ited  region -  the caud­
al end of the embryo. They tend to
cover
'
- ' *-s-ac*and to reach i t s .v e n tr a l  aspect. .
Groupings of the blood c e l l s  next take 
place on the caudal and ventral yolk 
surfaces where they const itute  early  
blood is land s .  At f i r s t  the blood 
is lands  are not surrounded by endothe­
l i a l  c e l l s  but la ter  become enclosed 
or taken into the ends of the incipient  
v e s s e l s .
Stockard summarises h is  statement by saying:
"The d i f feren ces  among the four types (endothelial  
c e l l s ,  black chromatophores, brown chromatophores 
and blood c e l l s )  produced are from the stand-point of 
our present knowledge in a l l  probabil ity  due to the 
p oten t ia l  d i f feren ces  among the apparently similar  
mesenchymal c e l l s  from which they arose. The four
types including endothelia l  c e l l s  and erythrocytes
■
we must consider from an embryological stand-point as 
a r i s in g  from d i f fe r en t  mesenchymal anlagen*.
I t  w i l l  be observed then that Stockard, whilst  
admitting, on the one hand, that (a) endothelial c e l l s  
are quite d i f f er e n t  from blood c e l l s  in shape, in 
p o s i t io n ,  and in the period of migration; that (b) 
the former develop independently of the la t t e r ;  and 
that (c )  blood c e l l s  when f i r s t  formed are devoid of
endothelium
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cover the caudal surface of the' yolk-
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A
endothelium, claims, on the other hand, that both 
types of c e l l s  have a common parent trunk - the wand­
ering mesenchymal c e l l s .  ..
In the Fundulus th is  i s  perhaps true, but i t  
i s  erroneous to presume that in mammals a similar  
phenomenon occurs.
In the f err e t  there are indications to suggest 
that vascular endotheliiiin i s  mesodermic in origin  
and that blood c e l l s  may, at l e a s t ,  be added to,  i f  
not derive s o le ly ,b y  the pro l ifera t ion  of the ento-  
dermal c e l l s .  Such being the case, i t  i s  obvious 
that the sources of or ig in  of the blood c e l l s  and 
vascular endothelium are d i s t in c t ,  and that these  
two d i f f e r e n t  vascular rudiments cannot be considered 
to have a monophyletic or ig in .
I f  the b iph y le t ic  or ig in  of blood c e l l s  and 
vascular endothelium i s  to be accepted, one more 
point s t i l l  remains to be solved, namely, how, when, 
and where the f i r s t  blood c e l l s  enter the c ircu lat ion .  
This has been various ly  described not only in embryos 
of d i f f e r e n t  spec ies  but probably even among embryos 
of the same sp ec ie s .  Ziegler thinks,  however, that 
just  beyond the la t e r a l  p la tes  in the plasma f i l l e d  
spaces of  the yo lk-sac  which l i e  between the periblast  
and ectoderm, the f i r s t  blood c e l l s  project into the 
c ir c u la t io n .  This statement has unfortunately not 
been substantiated  by sufficient evidence and cannot, 
therefore ,  be accepted as conclusive.  Stockard
describes
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d escr ibes- that  in Fundulus embryos' the e a r l i e s t  
blood cq11 formation occurs in the yolk-sac blood 
is lands*  The c e l l s  in these is lands continue to 
divide u n t i l  they become surrounded by endothelium. 
P r e c ise ly  how these blood c e l l s  are provided with 
endothel ia l  covering, Stockard makes the following  
statement: "A growing vascular t ip  may be observed."- '•
at certa in  stages to come in contact with a group 
of  erythrob lasts ,  or actua l ly  a blood island unsur­
rounded by vascular endothelium. The t ip  of the 
v e s s e l  seems to disorganize to some extent and i t s  
c e l lu la r  elements slowly surround the group of corp­
u sc le s  which are la t e r  taken into the c ircu lat ion  as 
the current becomes estab lished  in the including  
v e s s e l " .
In f e rr e t  embryos i t  i s  d i f f i c u l t  to determine 
the exact moment and the precise manner when blood 
c e l l s  get into  the vascular endothelium, but there 
i s  evidence to in d ica te ,  however, that the e a r l ie s t  
blood c e l l s  are not surrounded by endothelium, and 
that l a t e r  they become engulfed by spindle c e l l s  
which grow round them to form vascular endothelium 
(Fig .  16) .  These spindle c e l l s  have in most instances  
been traced to the splanchnic layer of the mesoderm.
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INTRA-EMBRY OKIC BLOOD VESSELS.
In the review of  the l i t e r a tu r e  on the subject  
of the orig in  of the intra-embryonic blood, v e s s e l s ,  
i t  has already been indicated that the problem is  
one of the most d i f f i c u l t  to be solved in the embry­
ology of the vertebrate animals. Numerous c o n f l i c t ­
ing views have been advanced regarding the precise  
mode of the or ig in  of the intra-embryonic blood 
v e s s e l s .  Thus His(OO) and Hertwig(92) have a s so c i ­
ated themselves with the theory that the early  blood 
v e s s e l s  in the body of  the embryo are formed by a
budding or ingrowth of the endothelial  l in in g  of the
v e s s e l s  from the extra-embryonic vascular area, and 
Sobotta(02) supports the b e l i e f  that v e s s e l s  in the 
embryo develop in s i t u ,  and those on the wall of  
the yo lk-sac  are secondary as a resu lt  of an out­
growth from the intra-embryonic blood v e s s e l s .
**Rabl ( 86 ) , on the other hand, pointed out the possib­
i l i t y  of  the v e s s e l s  o f ,  at l e a s t ,  the cranial region, 
i f  not the whole vascular system of  the embryo, having 
been formed by the extension of  the paired heart 
rudiments when these are developed. Recently Riickert 
and M oll ier(06)  maintain that the embryonic vascular
system, or at l e a s t  a part of i t ,  ar ises  in s i tu
from the mesoderm of  the embryo. Riickert(88) claims
that
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that in Selachians, the aorta develops in loco. 
Felix(97) states that in birds, the aorta and certain 
venenplexus all arise in loco.
Each rival view therefore is still open for 
further critisms and invites additional support.
In birds the caudal portion of the dorsal aorta is, 
according to Vialleton(92), His(OC) and Evans(09), 
formed from the medial' margin of the vitelline 
plexus which has grown into the embryo in the manner 
already indicated in the beginning of this communi­
cation. Tiirstig(34) also has noticed the frequent 
early connection of the primitive dorsal aorta with 
the vitelline plexus in mammals. On the other hand, 
Sobotta(02) imagines that the dorsal aorta is the 
primary vessel in the embryo, and that vascular 
sprouts spring from it to form other vessels. In 
the ferret, Stage Ila. 1.97mm., it has been found 
that the caudal portion of the dorsal aorta has 
established its communication with the vitelline 
plexus. Precisely how the caudal end of the dorsal 
aorta in the ferret is developed, no definite state­
ment can be made, but as far as evidence goes, it is 
probable that this part of the dorsal aorta arises 
much in the same wajr as described by Vialleton(92) 
and His(OO), .
For the development of the cranial portion of
the
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the dorsal aorta, on the other hand, various oppos- 
views are held. His(OO) attributes it to the result 
of a further growth of the same extra-embryonic
I • |
vitelline plexus which forms the caudal part of the 
aorta, but which is reduced to a capillar^r chain 
growing cranially, eventually turning ventrally over 
the blind end of the fore-gut and fusing with the 
cranial portion of the heart tubes. In support of 
this theory Lewis (04) affirms that all intra-embry- 
onic blood vessels of rabbits are apparently derived 
as off-shoots from the extra-embryonic net-work of 
vessels in the splanchnopleure of the yolk-sac, the 
vitelline plexus ending medially in the embryo in 
the form of two vessels - the dorsal aortae. Quite 
recently Bremer(lS) states that in the rabbit embryo 
of 5 somites, the dorsal aorta, the first aortic 
arch, the conus arteriosus and the lateral heart 
are all parts of an original net-work of angioblastic 
cords derived from the extra-embryonic plexus of 
blood vessels.
Ruckert and Mollier(06) maintain that the 
cranial portion of the aorta is developed in situ 
from the mesodermic cells of the lateral plate of 
the mesoderm of the cranial region of the embryo. 
Mollier(06) says: "the notion of His(75) and Viall- 
eton(92) that the vessel strands of the embryo grow
in
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in as sprouts from the extra-embryonal rudiment is 
not nearly so probable as that the individual vessel 
cells arise in loco and thus -form the vascular net*. 
In support of the autochthyonic origin of the cran­
ial portion of the dorsal aorta, the work of Hunting- 
ton(lO, 14) and McClure(lO, 12) may be cited.
Recently this view is further strengthened by the 
results of the experiments of Miller and McWhorter
(14) on the origin of blood vessels in the chick 
embryo. Further support is to be found in the more 
recent experimental evidence, presented by Reagen
(15), which shows the origin in loco of vessels in 
isolated parts of chick embryos, and by gtockard(l5), 
which claims beyond doubt that in Fundulus embryos 
the heart endothelium and aorta arise in loco within 
the embryo, and here there are no vessels, nor even 
mesoderm, present on the yolk-sac in the cranial 
portion.
Figure 6a. represents the graphic reconstruct­
ion of the vascular system of the cranial portion 
of the Stage Ila. ferret embryo. In this specimen- 
the heart rudiment is represented merely by a trans­
verse blood channel which lies across the median 
plane and unites the cranial ends of the two vitell­
ine veins. The pieuro-pericardial cavity together 
with the pleuro-pericardial canals has already been
described
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described as having the shape of an inverted U-shaped 
canal which lies dorsal to the vitelline vein and the 
heart rudiment. Two rudimentary dorsal aortae can 
be made out in this specimen. They run cauao-cran- 
ially one on each side of the medullary groove. They 
are still more or less plexiform in character, and 
they terminate blindly at their cranial extremities. 
The absence of the first aortic arch, which is so 
conspicuously seen in the next stage, deserves 
particular notice. It is clear that at this stage 
of development in the ferret, the heart rudiment and 
the caudal part of the dorsal aorta are present, but 
the connection, i. e. the cranial dorsal aorta, the 
first aortic arch and the conus arteriosus, between 
the heart and the caudal dorsal aorta, is still 
wanting (Fig. 6a). A stage further in the develop­
ment of the cranial portion of the dorsal aorta is 
illustrated by the Stage III embryo (Fig. 18). Here 
the dorsal aorta is seen to have established its 
connection with the heart rudiment through the first 
aortic arch. But exactly how this connection takes 
place, there is no evidence from which to form any 
definite conclusion. It is as yet impossible to 
decide whether the first aortic arch and the conus 
arteriosus when developed, as seen in the specimen 
just referred to, should be attriouted to the result
of
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of a cranialward growth from the dorsal aorta, or as 
the direct outcome of an extension of the heart 
rudiment growing round the cranial end of the fore­
gut to join the dorsal aorta and to constitute the 
conus arteriosus and the first aortic arch. All that 
can be said is that probably coinciding with the 
formation of the head-fold the two dorsal aortae are 
carried, pari passu, cranialward over the cranial end 
of the fore-gut, and possibly, as tiie result of a 
further growth from the blind ends of the aortae 
towards the heart rudiment, these structures estab- 
lish their communications with the heart. If this 
contention represents precisely what really takes 
place in the ferret embryo, the conus arteriosus and 
the first aortic arch must be considered as being
the result of a further growth from the dorsal aorta.
-
But if the other theory is to be accepted, that is 
that the development of the conus arteriosus and the 
first arch is due to an extension of the heart grow­
ing round the fore-gut, then the development of these 
parts of the vascular system conforms with the state­
ment made by Bremer(l2) relating to the early devel­
opment of the blood vessels in the rabbit embryo of 
5 somites. This investigator asserts that the dorsal 
aorta, the first aortic arch, the conus arteriosus 
and the lateral heart are all parts of an original
net-work
net-work of angioblast cords derived from the extra- 
embryonic plexus of blood vessels. Another mode of 
origin which cannot, however, be overlooked, is that, 
after the heart rudiment and the dorsal aorta have 
been laid down, the remaining parts of the main 
vascular system of the cranial region of the embryo
may develop in situ from the mesoderm. The view
■
that parts of the intra-embryonic vascular system 
arise in situ cannot be ignored, for there is an 
overwhelming accumulation of conclusive evidence to 
indicate that the formation of intra-embryonic blood 
vessels is much more extensive and important than 
has hitherto been supposed.
From whichever point of view the development
.
of the dorsal aorta, the first aortic arch, the conus 
arteriosus and the heart is to be looked upon, the 
fact remains that these structures do not develop 
simultaneously. This is clearly shown in Figure la, 
in which the heart rudiment and the dorsal aorta at 
this stage of development are all represented, yet 
there is nothing to indicate or to represent the 
future first aortic arch and the conus arteriosus. 
With these facts in hand one is justified in saying 
that the development of the first aortic arch and 
the conus arteriosus, though closely related, on the 
one hand, to each other and the heart, and, on the 
other hand, to that of the dorsal aorta, is really 




the dorsal aortae have made their appearance.
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DEVELOPMENT OF THE HUMAN VASCULAR SYSTEM
In man, on account of the comparatively small 
size of the yolk-sac, the development of the earliest 
blood vessels undergoes some important modifications. 
In birds and reptiles, it should be recollected that 
the chief source of nutrition for the growing embryo 
is solely from the yolk-sac, which is of great dimen­
sions. In birds and reptiles then, it is obvious 
that the circulation of the embryo, once established, 
should be connected with the yolk-sac. This is 
spoken of as the early vitelline circulation. The 
allantois in birds and reptiles, though persistent 
during inciibation, is not important as a nutritive 
organ. In man the allantoic diverticulum from the 
gut is rudimentary but the allantoic mesoderm plays 
an important part in the formation of the placenta 
which establishes the connection between the embryo 
and the mother, and its vessels which correspond to 
the allantoic vessels in reptiles and birds become 
associated with the placental circulation.
The essential differences in the development 
of the human vascular system having been thus broadly 
indicated, a more detailed account of the subject, 
as far as it is known to-day, may now be entered 
upon. According to Evans(12), it is certain that
in
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In man, long before any vascular rudiments are found 
in the body of the embryo, and at a time before any 
mesodermic somites are formed, typical vascixlar 
rudiments are detected irregularly scattered, at 
first, over the surface of the ventral pole of the 
yolk-sac only, but on account of its comparatively 
small size the vascularisation of the whole surface 
of the yolk-sac is soon completed. Minot(12), how­
ever, thinks that in man the vascular area covers 
the whole surface from the beginning.
It is generally believed that, as in other 
vertebrates already studied, these vascular rudiments 
make their appearance as nodular swellings of that 
part of the wall of the yolk-sac known as the area 
vasculosa, and are cell clumps lying between the 
mesoderm and the entoderm. It is claimed also that 
very shortly after their appearanec, the peripheral 
cells of these cell clumps arrange themselves to 
form endothelium while the central ones remain as
blood cells.
In young human embryo it has been possible to
demonstrate that, at a period before any vascuilar 
rudiments on the yolk-sac proper can be distinguished, 
there develop in the belly-stalk and chorion of the 
embryo indisputable blood vessels which appear, at 
first, as strands of spindle cells possessing a lumen.
This
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This has been described by Fetzer(lO) and also 
observed by Graf Spee(96) in the embryo Yon Herff 
of ,37mm. Others (jnng(07) and Herzog(09) have 
called attention to the aggregations of endothelial 
cells in the belly-stalk. True blood islands in the 
belly-stalk near the allantois have been described 
also by Grosser(l3) and I)ebeyre( 12). Frassi(08) 
also is in favour of the view that well-formed 
angioblastic cords can be detected on the ventral 
surface of the yolk-sac and in the belly-stalk and 
chorion.
Judging from the observations made by these 
investigators, it is feasible to believe that what 
has been considered as the "mere localized thicken­
ings" described by Dr Johnstone in his first human 
ovum, is, in reality, true vascular endothelium.
The contention for this belief is based on the fact 
that, in positions and in their general characters, 
these cell cords or »thickenings1 bear a close 
resemblance to those of other early human embryos 
in which similar cells have been described as endo­
thelium by Fetzer(lO), Graf Spee(96), Jung(G7), 
Frassi(C8) and others.
Recently Bremer(l4) pointed out that, in human 
embryos, the earliest blood vessels appear separately 
in the yolk-sac and in the belly-stalk in the form
of
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of multiple rudiments which are for the greater part 
funnel-shaped invaginations of the surface of the 
mesoderm. By a partial fusion of the walls of an 
ingrowth, a portion of the coelom, bordered by meso­
derm, may be cut off as a separate cavity, lying 
deep within the substance of the belly-stalk. This 
investigator, therefore, believes that the endothe­
lium arises either by delamination from the walls of 
such a detached portion of the coelom, or'by direct 
extension, in the form of an angioblastic cord, from 
the mésothélial ingrowth.
Most authors believe that the early development 
of the vascular rudiments in the belly-stalk and 
chorion in human embryos happens before the yolk-sac 
proper exhibits any vascular elements. That this 
should be the case, as already pointed out, is due 
! to the fact that in human embryo the vitelline 
circulation is of secondary importance. The belly- 
stalk and chorion, on the other hand, constitute the 
primary connection between the embryo and the placenta 
and are therefore the first to be vascularized. This 
deviation from the ordinary type of development is 
but one of the remarkable series of variations with 
which man is distinguished from his fellow creatures.
After the vascular rudiments have made their 
appearance in the belly-stalk and chorion, the yolk- 
sac proper is next vascularized. This is clearly
seen
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seen in the human embryo 1.17mm. described by Frassi
(08) in which there is an abundance of well-formed 
vascular elements on the ventral surface of the yolk- 
sac, and with very little or no difficulty, vessels 
can be detected also in the belly-stalk and chorion. 
As already indicated in the review of the literature 
relating to the development of the human vascular 
system, the first intra-embryonic vascular rudiments 
appear after the belly-stalk, chorion and the yolk- 
sac proper are all vascularized. This stage is 
illuatrated by the well-known embryo Glaevecke 1.54 
mm. of Graf Spee(89, 96). Here, as in the preceding 
stage, vascular rudiments are seen on the yolk-sac 
and in the chorion, but in addition to these, it is 
possible to note the first intra-embryonic vascular 
rudiments. In the region of the heart these intra- 
embryonic vascular rudiments exhibit the character­
istic appearance of endothelial cells, and in the 
more caudal portion of the embryo, strands of clearly 
isolated and differentiated cells are found lying 
between the entoderm and the mesoderm; they therefore 
represent nothing else but the intra-embryonic vascu­
lar cells (angioblast). Finally, as the allantoic 
mesoderm grows, they can be followed into vessels 
which, in the belly-stalk, lie at first on each side 
and soon below the allantoic diverticulum. The 
vascular cells are, without doubt, to be looked upon
as
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as the rudiments of the umbilical arteries in the 
belly-stalk.
The fact seems to be established that, in man, 
the first vascular endothelium is laid down in the 
belly-stalk and chorion. According to Bremer(l4) 
it seems clear that in human embrjros, the earliest 
blood vessels appear separately in the yolk-sac and 
in the belly-stalk in the form of multiple rudiments. 
The rudiment in the belly-stalk and probably also in 
the yolk-sac are funnel-shaped ingrowths of the sur­
face mesoderm. By a partial fusion of the walls of 
an ingrowth, a portion of the coelom, bordered by 
mesoderm, may be cut off as a separate cavity lying 
deep within the substance of the belly-stalk. Bremer 
claims that the endothelium arises either by delamin­
ation from the walls of such a detached portion of 
the coelom, or by direct extension, in the form of 
an angioblastic cord from the mesothelial ingrowth, 
and that future extension is by means of the angio- 
blast cords, which grow apparently through the sur­
rounding mesoderm. Ho blood cells have been described 
to have developed in the belly-stalk and chorion along 
with the endothelium. It is obvious that the angio- 
blast in the belly-stalk and chorion gives rise to 
endothelium only, and that they are mesodermic in 
origin. On account of this difference of origin it 
has been proposed to limit the term *angioblast' to
the
This furnishes an additional evidence in favour 
of the biphyletic origin of blood cells and blood 
vessels. The next question to be considered is 
whether the vascularization of the yolk-sac proper 
is to be regarded as the extension of a further growth 
from the vascular rudiments in the belly-stalk and 
chorion, or whether the process arises in situ by 
separate vascular rudiments. Bremer(14) thinks that 
the vascularization of the yolk-sac proper is a 
separate manifestation, but it is quite possible that 
the first vascular endothelium of the jrolk-sac is 
the result of an extension from the endothelium of 
the belly-stalk and chorion.
Regarding the intra-embryonic blood vessels 
there are evidences to show that the vasciilar endo­
thelium in the cranial region of the human embryo 
arises in situ and that in the caudal region this is 
probably due to a spreading of the extra-embryonic 
endothelium into the caudal end of the embryo.
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the endothelial rudiment only.
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DEVELOPMENT OP THE HEART AND PERICARDIUM.
In the literatu.re dealing with the development 
of the heart and pericardium, much has been written 
regarding the developmental processes of these 
structures in mammals, but in man much is required 
yet before a comprehensive knowledge of the develop­
mental phenomena can be obtained. It is still a 
speculation if the earliest rudiment of the human 
heart is essentially similar to that of the mammalia. 
Tandler(l2) inclines to the belief that they are 
similar. It is not to be expected, at present, 
that the comparison of the development of the human 
heart with that of the mammalia will throw much 
light upon the subject until the various develop­
mental processes of the different members of the 
mammalian embryos are first understood.
In mammals, as has been stated previously, the 
first rudiment of the heart is the appearance of a 
number of cells - the angioblast of His, which are 
distinguishable in embryos of 2 - 3 primitive 
somites. These vascular cells appear between the 
entoderm and mesoderm in the cranial region of the 
embryo on each side not far from the median plane. 
They are, responsible for the development of the endo­
thelial heart tubes only, the remaining structures 
of the wall of the heart, that is, the myocardium
and
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and the epicardium, being derived from that part of 
the visceral coelomic wall which has been designated 
by Mollier(06) the heart-plate or cardiogenic-plate.
It is generally believed that the first appearance 
of the vascular cells of the mammalian heart is bilat­
eral and is located on the ventral aspect of the 
pleuro-pericardial canals. Spaces soon make their 
appearance in the vascular cell masses, and when 
these coalesce, two endothelial heart tubes are 
formed, one on each side of the median plane of the 
embryo. Hensen(75) is credited as being the first 
who observed this bilateral origin of the heart. A 
fusion of the two endothelial tubes next occurs and 
the paired heart rudiments are therefore transformed 
into an unpaired heart tube, but the precise mode of 
this transformation is, up to the present, sub judice.
As far as the bilateral origin of the heart 
rudiments is concerned there seems to be still a 
little doubt. In all vertebrates that have been 
investigated all writers incline to believe that the 
heart rudiments originate in two lateral parts, but 
precisely how these two parts are brought together to 
form an unpaired heart is much a disputed point.
As already pointed out (vide supra), some 
believe (a) that in mammals, as in birds, the two 
endothelial tubes, out of which the heart is formed, 
appear at a time when the lateral folds which are
said
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said to form the ventral wall of the throat are only 
just visible; (b) that, on the formation of the lat­
eral folds of the splanchnic walls, the two halves 
of the heart, enclosed within the hitherto symmetric­
al and laterally placed pieuro-pericardial cavities, 
become carried medially and ventrally until they 
fuse on the ventral aspect of the fore-gut; and (c) 
that the heart is therefore provided, at least for 
a time, with a ventral and a dorsal mesocardium.
Balfour(Sl), as will be remembered, states:
"the heart should only be formed as two tubes when it 
arises prior to the formation of the throat"(mammals), 
and "as a single tube when formed after the formation 
of the throat"(elasmobranchii, amphibians). He 
concludes by saying: "the formation of the heart as 
two cavities is a secondary mode of development, 
which has been brought about by variations in the 
period of the closing in of the wall of the throat".
Professor Wilson of Sydney(l4), writing in 
favour of the presence of a ventral mesocardium in 
human embrjros, asserts that the human heart, like 
the amphibian, has, at a certain period of develop­
ment, a ventral mesocardium. This author bases his 
conclusion on the result of the examination of a 
series of sections of a human embryo measuring 1.78 
mm. catalogued H3 in his series, which was aborted
and
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and. is admittedly in an indifferent if not bad state 
of preservation. In addition it. is stated that the 
specimen was cut ’in a plane intended to be trans­
verse to the long axis of the embryo, but which 
turned out to be distinctly oblique’, The obliquity 
appears to have taken place in two planes instead of 
one, namely, a ventro-dorsal and a lateral. No 
reconstruction of the heart of the embryo has been 
made to verify his statement and the number of somites 
has been hesitatingly determiiied to be three pairs.
In figure vi of Wilson’s paper, an incomplete 
’septum’ in the pericardial cavity has been named 
by him the 'septum proprium interpericardiacum'.
This he looks upon as evidence of the bilateral 
origin of the pericardial cavity, which, according 
to his observation, ends on each side 'blindly with­
out establishing any communication with other coelom-; 
ic cavity such as occurs later, e.g. in Mall's embryo, 
No. 391*. In the same figure the heart appears to 
have an attachment to the ventral wall of the peri­
cardium which presumably Wilson calls the ventral 
mesocardium.
It is quite possible, as far as the figure 
shows, that the so-called septum proprium interperi­
cardiacum is merely a fold of the pericardial wall 
which has never, at any time, formed a true septum.
The
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The statement made regarding the blind termination 
of the pericardial cavity on both sides of the embryo
is contrary to all known facts established by other
■
observers on this structure in mammals. The narrow 
communication between the pericardial cavity and the 
coelomic cavity has probably been overlooked by 
Wilson in his specimen on account of the poor histo­
logical details of the sections, or the pleuro-peri-
cardial canal might have been obliterated in such a
'
way as to render the communication unrecognisable.
If the observation of Wilson is the true interpreta­
tion of the condition of the pericardium at this 
stage of development, then the balance of evidence in 
favour of the primary communication of the pericard­
ial cavity with the general coelomic cavity in mamm­
als is totally upset. But the unsatisfactory condi­
tion of the sections, from a histological point of 
view, unfortunately affords ground to doubt the 
accuracy of the observation, otherwise this embryo 
opens a new field for further investigations into 
the true nature of the pericardial cavity at this 
particular period of development in the human embryo. 
The connection between the heart tube and the ventral 
wall of the pericardial cavity in Wilson’s specimen 
can be feasibly explained in the following way. If 
the obliquity of the plane of section is such that
it
it passes through the septum transversum as well as 
the heart tube situated immediately cranial to it, 
it will be seen that what appears to be the ventral 
mesocardium is really a part of the septum trans­
versum. Moreover, it is quite possible that what 
Wilson considers to be the two endothelial tubes, may 
after all, turn out to be the two vitelline veins 
passing through the septum transversum to reach the 
sinus venosus cranially, and that the specimen he 
has been dealing with might have been pathological.
I was fortunate enough to have at my disposal 
also the second young human embryo which has been 
described by Dr Johnstone(14) in his "Contribution 
to the study of the early human ovum". When the 
sections came to my hand, it was found that the series
is unfortunately not entirely complete; consequently
.
a reconstruction of the heart of this interesting 
stage had to be abandoned. Nevertheless the series 
serves one particular purpose very well, namely, that 
it shows that this specimen has been cut in a plane 
not dissimilar to that of Wilson’s embryo, and that 
the heart tube in Dr Johnstone’s specimen bears a 
close resemblance to that of Professor Wilson's 
i specimen, in so far as the anatomical relationships 
of the heart are concerned.
embryo
(171)
Though no description of the heart of the
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embryo lias been made by Dr Johnstone in his paper, 
a few very interesting points can be detected by an 
examination of the serial sections. At first glance 
the section of Dr Johnstone's specimen, from which 
figure 35 is taken, appears to indicate that the 
heart has a ventral mesocardium connecting the 
ventral part of the heart tube with the ventral 
wall of the pericardium. But on closer examination, 
what seems to be ventral mesocardium is found to be 
really part of the septum transversum, for when this 
structure is traced forwards and backwards in the 
series it is found that the vitelline veins traverse 
it to join the sinus venosus. Figure 36 X 500 shows 
that the vitelline vein passes through the septum 
transversum to reach the heart. Cranial to this 
there is nothing to indicate a ventral mesocardium, 
the cavity of the pericardium extending without 
interruption from side to side (Fig. 37). Professor 
Robinson has very kindly looked through the sections 
of Dr Johnstone's specimen with me and has confirmed 
the above statement.
In the chick, on the other hand, a ventral 
mesocardium is recognisable, but this is due, as 
Robinson(02) points out, to the relatively late 
penetration of the pleuro-pericardial canals into 
the mesoderm in the cranial region. The pleuro-
pericardial
(172a)




D.Ao. - Dorsal aorta.
D.mes. - Dorsal Mesocardium. 
P.c. - Pericardial cavity, 
end. - Endothelial tube.
Mus.H.T.- Muscular Heart Tube, 
mes. - Mesodermic tissue.
Sep.T. - Septum Transversum. 
V.v. - Vitelline vein.
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FIGURE 36 X 500.
(Magnified from the Square in Fig. 35)
Same as in Fig. 35,
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Same as in Fig. 35.
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pericardial canals do not extend round and unite 
in front of the medullary plate in early stages, 
hut only at a later stage do they penetrate into 
the floor of the fore-gut after the mesoderm has 
been formed. The lateral cavities therefore do not 
at once become continuous, but remain separated 
from each other by a double layer of mesoderm 
constituting the ventral mesocardium. In amphibians 
lateral folds have been described, but it is 
erroneous to presume that such folds which, by 
virtue of their fusion ventrally, form the ventral 
wall of the fore-gut, really occur in mammals.
According to Robinson(02) the pericardial 
mesoderm appears in the pericardial portion of the 
embryonic area, and it is there completely different- 
iated into somatic and splanchnic layers before 
the head bend is developed; there is, therefore, 
a single pericardial cavity to begin with, which 
extends from side to side along the cranial boundary 
of the embryonic area. As the head bend develops, 
the single pericardial cavity is reversed,and it is 
carried into the ventral wall of the fore-gut, where 
it forms a U-shaped tube which communicates at each 
end with the general coelom. The heart rudiments 
are formed in the splanchnic layer of the pericardial 
mesoderm; therefore after the reversal of the area,
they
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they lie in the dorsal wall of the pericardial cavity 
attached only by a dorsal mesocardium to the ventral 
wall of the fore-gut, but they are never, at any 
time, connected with the ventral wall of the peri­
cardium by a ventral mesocardium.
Rouviere(04), whilst agreeing with Robinson 
as to the absence of the ventral mesocardium, pro­
pounds a different interpretation of the process 
which brings about the closure and development of 
the fore-gut. This author asserts that the lateral 
pleuro-pericardial canals grow cranially round the 
cranial end of the brain-plate and fuse across the 
median plane to form a continuous channel - the 
pleuro-pericardial cavity. The splanchno-pleure 
forming the caudal wall of the pleuro-pericardial 
cavity now forms a continuous fold which Rouviere 
calls the 'cardiac fold', and he affirms that it 
grows actively caudal-wards as a whole. In this 
way the fore-gut is closed ventrally.
Graper(i2) takes up an intermediate position.
In his description of the growth processes in the 
developing chick embryo, which he worked out by 
staining the living embryos and keeping them under 
observation while still alive, he shows that there 
is considerable evidence to prove that the margin 
of the fore-gut (umbilical orifice) moves caudally 
concurrently with the growth of the head fold cran­
ially.
Mies Parker(l5), in her investigation into the 
early stages in the development of Marsupials, sum­
marises her statement in support of Rouvière by 
saying "that while the initiation of head fold form­
ation is in all probability due to the forward groy/th 
of the brain-plate, there occurs also an active back­
ward growth of the anterior intestinal portal (umbi­
lical orifice), this process is associated with the 
rapid expansion of the pericardium which occurs at 
this period of development, and which brings about 
the backward and inward growth of the layer of 
splanchnopleure limiting the pericardium".
Against the view that a backward growth occurs 
in the cranial margin of the umbilical orifice, is 
the contention of Robinson(02) that "the orifice 
(of the umbilicus) is not reduced in size during the 
early stages of development by the convergence of 
its margins towards a central point. This being the 
case, no tucking off of the embryo from the surface 
of the ovum can occur; on the contrary, what does 
occur is almost the exact opposite of such a process, 
for the margin of the area remains as a relatively 
slow-growing region, whilst the embryonic and extra- 
embryonic portions of the wall of the ovum rapidly 
increase in extent. Under these circumstances, it 
follows that the margin of the embryonic area will 
soon appear as a ring between the upper or embryonic
and
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and the lower or extra-embryonic parts of the ovum, 
both of which have expanded beyond it in all directions*
Having thus briefly brought forward the various 
views regarding the development of the pericardium and 
the first appearance of the heart rudiments, it will 
be of interest to consider the evidence afforded by 
the material described above. It is the endeavour 
of the present author to show that it is entirely in 
accord with the view that in mammals there is no 
ventral mesocardium, a fact which, in itself, is a 
strong argument against the theory that gut closure 
is effected by the fusion of lateral folds.
In the Stage Ila. & b. in which the head fold 
of the ferret embryo has not yet appeared (Figs. 6a., 
b., c.,7a.& b., 11a.# b.), the pleur-o-pericardial 
cavity has grown across the median plane, and immed­
iately caudal and ventral to this,"primary" union 
of the two halves of the hitherto bilateral heart 
rudiments has taken place at the median plane. It 
should be specially noted that the term "primary* 
proposed by the author signifies a "secondary" union 
after the heart rudiments have once more returned 
to the condition of bilateral endothelial tubes. To 
this point reference will be made subsequently in 
connection with the discussion of the formation of the 
unpaired heart rudiment from the two separate endo­
thelial tubes.
(177)
At Stage II of development the ferret embryo 
shows that the pleuro-pericardial cavity and the 
heart rudiments are all represented before there is 
any indication of the formation of the fore-gut or 
the head fold (Fig. 6a). It should also be noticed 
that when the heart rudiments and the pleuro-peri­
cardial cavity first make their appearance the former 
invariably lie ventral to the latter (Figs. 6b. and 
8). In the subsequent stages of development (stage 
III and onwards) a change takes place in their posi­
tion, with the result that the heart rudiments occupy 
a plane dorsal to the pleuro-pericardial cavity and 
are connected with the ventral aspect of the fore-gut 
only by the reflection of the splanchnic wall of the 
pleuro-pericardial cavity. The reversion of positions 
of the heart and the pleviro-pericardial cavity can 
only be explained, as suggested by Professor Robinson 
(02), by a forward growth of the head fold to form 
the fore-gut with the cranial margin of the umbilical 
orifice remaining stationary. With the development 
of the head fold the heart rudiments suffer a rotation 
round a transverse axis over the pleuro-pericardial 
cavity. Consequently when the two heart rudiments are 
brought together to form one endothelial tube, it is 
connected with the ventral surface of the fore-gut 
only by a dorsal mesocardium, which is formed by the
reflection
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reflection of the splanchnic layer of the pleuro­
pericardial cavity over the lateral and ventral 
surfaces of the two heart tubes; the portion of the 
splanchnic wall of the pleuro-pericardial cavity 
lying between their medial surfaces having, in the 
meantime, been pushed ventrally. In this way there 
is no fusion of this part of the pleuro-pericardial 
wall, nor does any fusion occur ventral to the heart 
tubes to form the ventral mesocardium.
Since the time of Hensen(76), the first 
appearance of the heart rudiments has been considered 
to be bilateral, that is to say, the heart rudiments 
develop as two separate endothelial tubes, one on 
each side of the embryo not far from the median 
plane and on the ventral aspect of the pleuro-peri­
cardial canals. Recently the bilateral endothelial 
tubes have been traced to the stage of angioblastic 
cords, which have also been described as lying 
between the mesoderm and the entoderm. Spaces soon 
make their appearance in the vascular masses, and 
when these coalesce, two endothelial tubes are there­
fore formed, one on each side of the embryo, ventral 
to the pleuro-pericardial channels. In the ferret 
the coalescence of the vascular endothelium is to 
produce one endothelial tube (the "primary" union of 
the heart rudiments) lying across the median plane
caudo-ventral
(179)
caudo-ventral to the pleuro-pericardial cavity (stage 
Ila. Figs. 6a. b. c.). This occurs, it should be 
noted, at a time before the formation of the fore-gut 
has made its appearance. When this "primary" endo­
thelial tube is traced laterally, it is found to 
communicate with the two vitelline veins (Fig. 6a.).
A search through the literature on the early stages 
of development of the mammalian heart has failed to 
discover any account of this "primary" union of the 
heart rudiments. Miss Parker, in the course of her 
investigation into the early stages in the develop­
ment of Marsupials, notices the early or "primary" 
union of the heart rudiments across the median plane 
in Stage II Dasyurus viverrinus (8.5rnm.); its signi­
ficance, however, has not been explained by her.
That the "primary" union of the heart rudiments 
to form a single endothelial tube is not a singular 
occurrence due to any abnormal or pathological condi­
tions, and that this stage of development of the 
heart is an important one is proved by the fact that 
a similar phenomenon repeats itself in another ferret 
embryo (stage lib, Figs. 11a.b. and 12a.b.c.), in 
which the heart and the pleuro-pericardial cavity 
exhibit features similar to those observed in the 
Stage Ila. ferret embryo. It has to be emphasized 
once more that the "primary" union of the heart
rudiments
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rudiments across the median plane as a transverse 
vascular channel lying caudo-ventral to the pleuro­
pericardial cavity occurs at a period before any 
indication of the head fold or the formation of the 
fore-gut can be detected.
The next stage of development of the heart in 
the ferret embryo is represented by the 2.3mm. embryo 
(stage III.). In this specimen, which is obviously 
slightly older than the Stage Ila. and b., the medial 
part of the "primary" endothelial tube shows indica­
tions of splitting into two lateral endothelial tubes, 
for two non-vascular loculi divide its central portion 
incompletely into a cranial and a caudal portion (Fig. 
18). Apparently the destruction of the central part 
of the rudimentary transverse heart ("primary" union) 
proceeds still further as development goes on, until 
it is completely separated into a right and left 
halves; for in the Stage IV ferret embryo the heart 
rudiments are represented there by two separate long­
itudinal endothelial tubes lying side by side close 
together (Fig. 27.). It is again to be noted that 
the head fold and the fore-gut of this ferret embryo 
(Stage III) have already begun to develop, since at 
the cranial end two vessels, one on each side of the 
median plane, run cranialiy from the heart rudiment. 
They arch round the cranial end of the fore-gut and
form
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form the first pair of aortic arches, which terminate 
dorsally in the corresponding dorsal aortae (Fig.18).
In the comparison of this stage of development 
of the heart in the ferret with that of other mammal a 
of a similar stage of development, the Stage III 
Perameles nasuta (l.S.) of Miss Parker may be cited; 
the total length of her specimen, after partial 
flattening under cover glass, from the anterior 
margin of the brain-plate to the hinder extremity 
of the primitive streak is, according to Miss Parker, 
7.5mm. In her specimen two endothelial tubes are 
depicted lying side by side in the pleuro-pericardial 
cavity. Cranially each endothelial tube becomes 
continuous with the ventral aorta, which runs under­
neath the ventral surface of the fore-gut. As the 
cranial extremity of the fore-gut is reached, the 
ventral aorta bends dorsally round the blind end of 
the fore-gut and communicates with the dorsal aorta. 
In this way the first aorta arch is formed. Whilst 
still in the pleuro-pericardial cavity the heart tube 
is described as giving off a lateral branch which is 
presumably the second aortic arch. What is most 
striking and interesting in this embryo is that,
"In the median space between the anterior ends of 
the endothelial heart tubes, are a number of scatter- 
ed angioblast cells lying between the splanchnic
mesoderm
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mesoderm and the entoderm*. Miss Parker believes 
that these cells possibly represent the primordia 
of the capillaries and afford an instance of the 
origin of angioblast cells from the splanchnic meso­
derm after the establishment of the definite endo­
thelial heart tubes. Judging from what has been 
observed in the ferret embryo of Stage III, it is 
perhaps more correct to interpret these angioblast 
cells as being the remains of the once "primary" 
union of the heart rudiments. This "primary" union 
is well developed in the ferret embryo of Stage II
a. and b. and also in the Stage II Dasyurus viverr- 
inus (8.5mm. A) of Miss Parker. The explanation 
for the breaking up of the "primary" union of the 
heart rudiments to form two separate endothelial tubes 
Is, however, not apparent in the light of our present 
knowledge of the development of the mammalian heart.
It is conceivable that partly as a result of the dev­
elopment of the fore-gut cranioward, in the manner 
pointed out by Robinson(02), and partly also due to 
the rotatory movement of the heart rudiments from a 
position ventral to the pleuro-pericardial cavity to 
a position dorsal to' it round a transverse axis, the 
cross channel, that is, the "primary" union of the 
heart rudiments is, at first, put on the stretch, and 
finally separated into two endothelial tubes lying- 
side by side, each of which becomes continuous with
its
corresponding dorsal aorta through the conus arter­
iosus and the first aorta arch. In the ferret embryo 
of Stage III (Fig. 18) the connection between the 
heart and the dorsal aorta has already established 
itself before the heart, after its "primary* union, 
has again completely separated into two halves. In 
the case of the Stage II Dasyurus of Miss Parker, 
the "primary" union of the heart rudiments is des­
cribed as giving rise to the first aortic arch, 
which follows the antero-lateral margin of the gut 
almost to the median plane and there becomes contin­
uous with the corresponding dorsal aorta. But what 
has been taken for the first aortic arch by Miss 
Parker may, after all, prove to be the plexus between 
the dorsal aorta and the vitelline vein, which has 
been observed by Bremer(l2) in the 3,4mm, rabbit 
embryo.
It will be noticed then there is evidence to 
show that, at a period before the formation of the 
fore-gut, the first rudiment of the heart in the 
ferret is single and is situated in the median plane 
of the embryo, caudo-ventral to the pleuro-pericard­
ial cavity, in the form of a transverse endothelial 
tube which is destitute of any blood cells, Laterall 
it is in direct communication with the two vitelline 




demarcation, between the heart rudiment and the vitel­
line veins is purely a matter of personal interpre­
tation, there being no distinctive characters with 
which to map out the former from the latter. It is 
possible to regard that portion of the transverse 
connection of the two vitelline veins, which lies 
within the cross pleuro-pericardial cavity, as being 
the "primary" single heart tube, But exactly how this 
"primary" heart rudiment is formed it is impossible 
to make any definite statement. The contention of 
His(OO) does not yet fully account for the origin of 
this "primary* union of the two vitelline veins, for, 
according to His, two endothelial tubes are directly 
formed from the ingrowth of the two vitelline veins 
which, by a further growth, communicate with the two 
dorsal aortae. Possibly the "primary" union of the 
heart rudiments is the result of an ingrowth from 
the vitelline veins which, instead of linking up 
each with its corresponding dorsal aorta, as His 
would have imagined, have grown across the median 
plane. In this way the U-shaped vitelline system is, 
at least for a time, not connected with the longitu­
dinal aortic system cranialiy. This is exactly what 
is seen in the ferret embryo of Stage Ila. (Fig. 6a). 
It is also possible, and perhaps more probable, that 
the "primary* union arises in situ and is afterwards 
joined to the two vitelline veins.
(185)
Of late years the weight of evidence seems to 
indicate that the formation of intra-embryonic blood 
vessels in situ is much more extensive and important 
than has hitherto been supposed (Stockard(l5), Hahn
(09), Miller and McWhorter(l4), Reagan(l5) and 
others).
From whichever point of view the development 
of the heart is looked upon, it is clear that in the 
ferret the first rudiment of the heart appears as a 
cross channel situated ventro-caudally to the pleuro­
pericardial cavity, and is connected only with the 
venous system, which is composed of the two vitelline 
veins laterally. The arterial system, that is, the 
dorsal aortae, remains, at least for a time, distinct 
and unconnected with the heart rudiment. Wo explan­
ation can at present be offered as to why the heart 
rudiment, when first represented, should only be 
united with the venous circulation. It is evident 
that further light in this field of investigation is 
required before a solution can be obtained.
Quite recently Professors Robinson and Gibson
(16), in their description of a reconstruction model 
of a horse embryo twenty-one days old, mention that 
"The allantoic blood vessels consist of a number of 
dilated capillaries which form a coarse net-work on 
each side. Each lateral net-work receives two 
branches from the caudal end of the dorsal aorta of 
the same side, and it terminates, at the caudal end
of
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of the allantoic mass, in a terminal transverse 
sinus from which the umbilical veins take their 
origin. But, in addition to the connection with 
both umbilical veins through the terminal sinus, 
each vascular net-work also communicates directly 
with the umbilical vein of the same side'*. The 
terminal transverse sinus at the caudal end of the 
allantoic mass of the horse and the transverse heart 
rudiment situated in the cranial end of the ferret 
embryo may together represent at one time a portion 
of an original complete ring of circulation.
The next phase of development of the heart is 
represented by the separation of the "primary” heart 
rudiment into two distinct endothelial tubes lying 
closely together, one on each side of the embryo, not 
far from the median plane (stage IV.). Coinciding 
with the development of the heart, the head fold 
appears, and as the formation of the fore-gut pro­
ceeds, the heart rudiment suffers a reversion with 
regard to its relation with the pericardium, for it 
is seen that when the fore-gut is formed the heart 
is found on the dorsal aspect of the pleuro-peri- 
cardial cavity and is attached to the ventral surface 
of the fore-gut.
Each tube is covered by the splanchnic wall of 
the pleuro-perlcardial cavity on its lateral, ventral 
and medial surfaces. Dorsally they are connected
with
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with the ventral aspect of the fore-gut by the 
reflection of the wall of the pleuro-pericardial 
cavity. Ventrally the pleuro-pericardial cavity 
passes from side to side (Fig. 27.). It is to be 
noted that the two tubes lie far apart from each 
other cranially and caudally where they emerge from 
the pleuro-pericardial cavity. The distance between 
them is greater caudally (Fig. 26) than cranially 
(Figs. 27 and 28d). It is obvious that at a stage 
further, when the two heart rudiments are brought 
together to form one endothelial tube, it is connect­
ed only with the ventral surface of the fore-gut by 
a dorsal mesocardium and no ventral mesocardium can 
possibly be developed.
Cranially each endothelial tube can be traced 
to its corresponding dorsal aorta through the first 
aortic arch, and, caudally each tube communicates 
with its corresponding vitelline vein in the region 
of the septum transversum (Figs. 21. 25. and 27).
It is generally held that the rate of growth 
of the two endothelial tubes exceeds that of the 
pleuro-pericardial cavity. Consequently as the 
result of the different rate of growth the two tubes 
instead of having a straight appearance, are thrown 
into loops before the "secondary* union takes place.
Miss Parker(l5) thinks, however, that at this 
stage of development the pericardium grows rapidly
in
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in length and decreases in width so that the heart 
tubes are brought together by longitudinal stretching 
of that part of the pericardial wall which lies be­
tween them. In the ferret it is clear that this is 
not the case; the two endothelial tubes seem to grow 
more rapidly in length than the pericardium, with the 
result that loops are formed with constrictions here 
and there to mark out the different subdivisions of 
the heart (atrium, ventricle, bulbus etc.) before any 
fusion of the two tubes takes place (Stage IV. Fig. 
27.), these subdivisions appear to remain even when 
the two endothelial tubes have partially united 
(stage V. Fig. 31). The appearance of these loops in 
the endothelial tubes speaks against the theory of 
stretching advanced by Miss Parker. For if it were
true, the result of any stretching of that part of
,
the pleuro-pericardial wall which lies between the 
medial borders of the two endothelial tubes, would, 
in the first instance, be the undoing of the loops, 
or the prevention of their formation, before any 
approximation of these tubes could be affected.
In the ferret (stage IV) what has really happen-
.
ed is this, that as the result of the rapid growth,
the two endothelial tubes are thrown into loops, and
■
as the result of a further growth of the two tubes 
medially towards each other, the part of the pleuro­
pericardial wall which lies between them is pushed
ventrally.
(189)
ventrally. When fusion of the two endothelial tubes 
takes place, the unpaired heart is, therefore, attach­
ed only to the ventral wall of the fore-gut by the 
dorsal mesocardium. Ventrally the splanchnic wall 
of the pleuro-pericardial cavity passes from side to 
side across the ventral aspect of the fused heart 
tube, there being no fusion of this part of the 
pleuro-pericardial wall, as supposed by Miss Parker.
Asymmetry of the heart tubes, either before or 
after fusion takes place, has been noted in the ferret 
embryos (stages IVs. and V. Figs 27. and 31) as in 
the Stage IV Perameles nasuta and also, in a measure, 
in the Stage V Perameles obesula (l0.viii.03) of 
Miss Parker and likewise in the 5.7mm. dog embryo of 
Bonnet(Ol). There seems to be a tendency for the two 
endothelial tubes, even before fusion, to curve and 
to be shifted distinctly as a whole to the right side 
with the concavity of the bend facing the left. In 
Stage V (Fig. 315 the fusion of the two endothelial 
tubes in the ferret takes place in the ventricular 
region, and the fused part lies clearly on the right 
side of the median plane. The fact of this occurrence 
contradicts, in a very convincing manner, the theory 
of stretching of the pleuro-pericardial wall, for the 
fused portion of the two endothelial tubes should 
occupy the median plane of the embryo if the two 
tubes were really brought together by the uniform
stretching
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stretching of that part of the splanchnic wall of the 
pleuro-pericardial cavity which lies between them. 
There is no evidence to prove that the fusion of the 
two tubes, occurring on the right side, may be due 
to an uneven stretching of the dorsal wall of the 
pleuro-pericardial cavity.
In the Stage IY Perameles nasuta (2.P) of Miss 
Parker the description of the heart in the text does 
not seem to agree with her illustration (Plate 1. fig. 
5). In the text it is stated: "They (the two endo­
thelial tubes) have fused at their cephalic extrem­
ity, the fused portion extending through some eight­
een sections and representing the most closely appro­
ximating portions of the endothelial tubes......From
it is derived the bulbus (conus) arteriosus........
Posterior to this fused portion, the endothelial tubes 
lie close together but unfused for a considerable 
portion of their length and then diverge widely and 
pass into vitelline veins". In the illustration, on 
the other hand, it appears that the fused portion 
represents really more than the conus arteriosus. 
Possibly the ventricles also have fused across, be­
cause in the figure it shows that at least the cranial 
half, if not more, of the two endothelial tubes have 
fused. If this is the case it is difficult to explain 
why in the next stage of development (Stage V. Peram­
eles
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Perameles obesula (l0.viii.03) of Miss Parker) the 
bulbus is the only portion of the heart in which the 
endothelial tubes have actually fused, and the vent­
ricles have become once more separated.
In the text and the figures illustrating Stage 
IY. Perameles nasuta (2.P) and Stage V Perameles 
obesula (l0.viii,03) of Miss Parker, there are no 
data to be found upon which the magnification and 
length of the embryos in question can be gauged. But 
as far as one can judge from the illustrations alone, 
the figures of Stage V. Perameles obesula are undoubt­
edly of a higher magnification although probably taken 
from an embryo of a greater length than that of the 
Stage IV Perameles nasuta. If it is so, an explana­
tion is needed to account for the decrease in length 
of the fused portion of the two endothelial tubes 
seen in Stage V. It is unfortunate that these import­
ant data should have been omitted by Miss Parker in 
her paper, for their absence diminishes the value of 
her communication when an attempt is made to use it 
for the purpose of solving the points under considera­
tion.
Hitherto the heart tube with its time-honoured 
S-shaped character has been the subject of much 
dissertation. The literature on the development of 
the S-shaped heart rudiment is so voluminous and 
confusing that only a brief summary on this subject
can
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can be given. All writers have laid great stress on 
the subsequent development of the fused endothelial 
tube which is now covered with its myocardial coat.
It is generally believed that the next phase of 
development of the fused heart tube, consisting of 
an inner endothelial tube and an outer myocardial 
covering, is the acquisition of the well-known 
S-shaped form. The caudal portion of the single 
heart tube grows cranio-dorsally and to the left to 
form the atrial limb, and the cranial portion grows 
caudo-ventrally and to the right to form the ventric­
ular limb. In the Stage IY ferret embryo model 
(Fig. 22) it is to be remembered that with the vent­
ral wall of the pleuro-pericardial cavity removed 
the muscular heart tube has been seen to be partially 
divided in the caudal but larger portion of its 
extent into a right and left segment by a cranio- 
caudal sulcus. On each lateral half there are also 
several transverse sulci, but the significance of 
these various sulci is rather obscure as the segments 
marked out by them do not correspond, in any way, 
with the primary divisions of the heart tube, although 
at first sight, it appears that the left segment is 
apparently atrial, and the right, ventricular. The 
fact that this appearance is deceptive becomes at 
once obvious when a portion of the muscular wall of
the
(193)
the heart tube is removed (Fig. 27), for it is then 
seen that within the lumen of the muscular tube and 
separated from its walls by a more or less thick 
mass of loose mesodermic tissue, lie two endothelial 
tubes which are quite separate from one another in 
the whole of their extent. In the reconstruction 
(Fig. 87) the muscular coat of the heart rudiment 
has been removed entirely on the left side and partly 
on the right side. In this way the left endothelial 
tube is, therefore, fully exposed to view on its 
ventral and lateral aspects, and it exhibits clearly 
a very definite indication of separation into divi­
sions which appear to suggest, in caudo-cranial 
succession, the positions of the sinus venosus, the 
sino-atrial canal, the atrium, the atrio-ventricular 
canal, the ventricle and bulbus cordis.
The right endothelial tube, which has not been 
fully exposed in the model, appears to present simi­
lar dilatations and constrictions, the outlines of 
which can be followed to a certain extent through the 
muscular covering, but since, in the model, it is 
still covered in parts by muscular substance, the 
exact details cannot be worked out at present and 
therefore no positive statement regarding it can be 
put forward. It is, however, more dorsally situated 
than the left tube. It is to be observed that the 
whole heart is bent slightly towards the right side
in
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At this stage of development of the ferret 
embryo (stage IV) it is evident that the external 
configuration of the muscular wall of the heart does 
not furnish a true index to the condition of develop­
ment of the enclosed endothelial tubes, for it has 
been remarked upon that although the muscular coat 
of the heart rudiment may have acquired the familiar 
S-shaped appearance, yet the two endothelial tubes 
have not begun to fuse. Moreover, the segments 
exhibited in the muscular tube do not correspond, in 
the least, with the dilatations and constrictions of 
the underlying endothelial tubes. Furthermore, in the 
dog, it has been pointed by Bonnet, and in Marsupials 
by Miss Parker that primary divisions of the endothe­
lial tubes into sinus venosus, atrium and ventricle 
occur before they have completely fused to form a 
single tube. Similar divisions of the heart tubes 
are present also in the Stage IV ferret embryo (vide 
supra). These facts therefore show that the primary 
divisions of the heart rudiment take place in the 
endothelial tubes at a time when no fusion can be 
detected, and that the convolutions of the S-shaped 
muscular coat of the heart do not necessarily repre­
sent the different segments of the underlying endo­
thelial tubes.
In connection with the fusion of the two endo-
in the ventricular region.
thelial
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endothelial tubes there is one more point which 
requires attention. Many investigators have noted 
the asymmetry of the heart rudiments at this period 
of development. Deviation of the two heart tubes 
to the right, before and after fusion, has also been 
observed in the mammalian heart. In the ferret 
these features are present. The significance of the 
asymmetry and deviation of the two endothelial tubes 
have, so far, not been fully explained by those who 
have made these observations. It has been noted 
that the ventricular po'rtion of the heart is the 
first to fuse, and is situated on the right side of 
the embryo (stage V. Fig. 31). The fused portion in 
fact represents the junction between the ventricular 
and the atrial limbs of the future S-shaped heart 
tube. As fusion proceeds cranially and caudally, 
more parts of the heart tubes are taken in to form 
the two limbs of the S-shaped heart rudiment until 
the two tubes are completely fused. The result of 
this fusion is to produce a ventricular limb which 
is situated ventrally and to the right and an atrial 
limb which is directed dorsally and to the left.
It should also be remembered that in the space 
between the myocardium and the endothelium of the 
heart tubes there is a more or less thick mass of 
loose mesodermic tissue which separates not only the 
former from the latter but also the two endothelial
tubes
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tubes from one another before their fusion (Stage IV. 
Figs. 27. and 28a.b.c.). This mass of loose tissue, 
though playing an important rSle in the establishment 
of the sino-ventricular bundle(Mall(l2)) in the subse­
quent development of the heart, is essentially a 
passive element at this stage of development. It 
permits, on the one hand, the growing endothelial 
tubes to assume their various bendings, constrictions 
and dilatations independently, and adapts itself, on 
the other hand, to the characteristic curling of the 
muscular tube into an S-shaped appearance. This 
point is clearly shown in the Stage IV. ferret embryo 
in which the two endothelial tubes have, as already 
; noted, differentiated into their various divisions 
in advance of their fusion (Fig. 27), whilst the 
muscular wall of the heart has seemingly acquired 
the familiar S-shaped form (Fig. 22). With the vent­
ral wall of the pericardium of this embryo removed 
(Fig. 22) it has already been noticed that the vent­
ral aspect of the myocardial covering of the heart is 
separated in the caudal but larger portion of its 
extent into a right and left segment by a cranio- 
caudal sulcus. Cranially these two segments are 
confluent with each other over a narrow transverse 
area. The two segments together with this transverse 
area present an S-shaped appearance. At first sight 
it appears that the left segment is atrial, the right,
ventricular,
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ventricular, and the transverse connecting portion, 
the atrio-ventricular canal. But with the left 
portion of the muscular wall of the heart removed 
(Fig. 27), what appears to be the atrial bulge of the 
muscular coat is, in reality, caused by the under­
lying atrial portion of the left endothelial tube only; 
the atrio-ventricular canal of the muscular coat is 
caused by the unfused right and left ventricular 
portions of the two endothelial tubes which are 
closely applied together in this region; and the
i
ventricular segment of the muscular wall is due to 
the atrial portion of the right endothelial tube 
(Compare Figs. 22 and 27). It is obvious, therefore, 
that owing to the interposition of this more or less 
thick mass of mesodermic tissue, the endothelial tubes 
do not follow, in a faithful manner, the various 
curvatures and bulges of the myocardial covering of 
the heart, and it would be a mistake to try to determ­
ine, at this stage of development, the true nature 
of the two endothelial tubes by a simple examination 
of the condition and shape of the muscular coat, 
without ascertaining, at the same time, the various 
features of the underlying endothelial tubes and 
comparing these with those exhibited by the muscular 
covering.
It may therefore be concluded that, at least, 
from the first appearance of the paired heart rudiments 
as two endothelial tubes to the time of their "second­
ary”
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"secondary" fusion, the myocardium has little or no 
common relationship with the underlying endothelium; 
that the two structures are quite independent of each 
other, as far as their individual growth is concerned; 
that the various constrictions and dilatations of the 
two endothelial tubes have a definite significance; 
that these constrictions and dilatations fore-shadow 
the site and limits of the future sinus venosus, sino­
atrial canal, atrium, atrio-ventricular canal, vent­
ricle and bulbus cordis; and that the muscular tube 
comes into conformity only at a later period.
*******
A. THE BLOOD CELLS AND VESSELS.
Hitherto it has been the general belief that 
blood cells and vascular endothelium in mammals are 
derived from a common origin which, according to 
some, is mesodermic, and others, entodermic, and that, 
whichever may be the source of origin, the vascular 
rudiment appears, at first, as angioblastic cells 
lying between the mesoderm and entoderm. It has been 
claimed also that the peripheral part of the angio- 
blast soon resolves itself into an uninterrupted net­
work of endothelium, and the central part into clust­
ers of blood cells. It has been stated f u r th e r  that 
the endothelium so formed is capable of giving rise 
to new blood cells.
The facts revealed by the study of the early 
stages in the development of the ferret point to the 
conclusion that, whilst blood cells and vascular 
endothelium are closely related to each other and are 
found invariably between the mesoderm and entoderm, 
but there is evidence to show that, in the ferret, the 
origins of these two vascular elements are separate 
and distinct - the blood cells arising from the ento­
derm
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SUMMARY AND CONCLUSIONS.
1
entoderm and the vascular endothelium from the meso­
derm.
Blood cells develop first extra-embryonically
¡I xn the area vasculosa in the form of clusters of 
spheroidal cells which are provided with large and 
round nuclei and with a comparatively small amount of 
protoplasm. These are for the most part found adher­
ent to the entoderm in the neighbourhood of their 
origin before they are engulfed by the endothelium 
and are, in most instances, identical in structure 
with the entodermal cells where the contact is intim­
ate.
On the other hand, the cells which form the 
endothelial rudiment are mesodermic in origin and are, 
without exceptions, spindle or flattened in shape.
*
They are generally connected with one another by long 
slender protoplasmic processes, the result of which 
is to form an uninterrupted net-work of endothelium.
This net-work is capable of extension by buddings 
which grow either into the embryo or on to the yolk- 
sac. The blood cells are next engulfed by the vascu­
lar endothelium which grows round them, and in this 
way they are taken into the circulation.
In the ferret embryo the blood cells and vascular 
endothelium are not interchangeable, that is to say, 
the blood cells are incapable of metamorphosis into 
endothelial cells and the vascular endothelium, once
formed,
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formed, has not the power to generate any new blood 
cells.
B. THE INTRA-EMBRYONIC BLOOD VESSELS.
The caudal portion of the dorsal aorta communi­
cates, at a very early stage of development, with the 
yolk-sac circulation through the vitelline arterial 
plexus. Cranially the dorsal aorta stops short and 
remains unconnected with the heart rudiment as long 
as there is no head fold or fore-gut. This part of 
the dorsal aorta makes its appearance in association 
with the development of the head fold and fore-gut.
The conus arteriosus and the first aortic arch 
develop after the "primary" heart rudiment, the two 
vitelline veins, and the dorsal aortae are all repre­
sented, and at the time when the formation of the 
head fold and fore-gut has begun.
The vitelline veins are two in number, one on 
each side of the embryo. They lie for the greater 
part of their extent ventro-medial to the pleuro­
pericardial canals. They grow from the wall of the 
yolk-sac into the cranial extremity of the embryo. 
They are, at an early period, united across the med­
ian plane to from the "primary" heart rudiment which 
lies between the pleuro-pericardial cavity dorso- 
cranially and the bucco-pharyngeal membrane caudally.
A
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A short distance caudal to the "primary" heart rudi­
ment, each vitelline vein sends out off-shoots med­
ially to anastomose with the cranial end of its cor­
responding dorsal aorta.
C. THE PERICARDIUM AND THE HEART.
Before there is any indication of the head fold 
or the formation of the fore-gut, the pleuro-pericard- 
ial canals have grown across the median plane of the 
cranial end of the embryo to form the pleuro-peri- 
cardial cavity which, in relation with the "primary" 
heart rudiment, lies cranio-dorsal to it. As the 
head fold and fore-gut develop by growing cranially, 
a rotation of the pleuro-pericardial cavity and the 
heart rudiment round a transverse axis, takes place, 
with the result that the former occupies a position 
ventral to the latter and the "primary" heart rudiment 
is now found ventral to the fore-gut.
In the subsequent stages of development the 
"primary" heart rudiment divides into two endothelial
!
tubes, each of which is covered laterally, ventrally 
and medially by the splanchhic wall of the' pleuro­
pericardial cavity and is attached only dorsally with 
the ventral aspect of the fore-gut by the reflection 
of the pleuro-pericardial wall. As a result of the 
growth of the two endothelial tubes towards the median
plane
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plane, the part of the splanchnic wall of the pleuro­
pericardial wall which lies between them, is thereby-
pushed ventrally. When fusion of the two endothelial
.
tubes occurs, the "secondary" heart tube is conse­
quently attached only dorsally to the ventral surface 
of the fore-gut by the dorsal mesocardium. Ventrally 
there is no fusion of the pleuro-pericardial wall,
'
and therefore no ventral mesocardium can possibly be 
developed.
At an early period when the pleuro-pericardial 
cavity has not yet reversed its position and when 
there is no indication of the formation of the head * 
fold or the fore-gut, the heart rudiment appears as 
a transverse blood channel - the "primary" heart 
rudiment - situated in the median plane ventro-caudal 
to the pleuro-pericardial cavity and cranial to the 
bucco-pharyngeal membrane. Laterally the "primary" 
single heart rudiment communicates with the two 
vitelline veins, one on each side of the embryo. At 
this stage of development the cranial extremities of 
the two dorsal aortae are found, for a considerable 
distance, caudal to the heart rudiment.
In the subsequent development of the embryo 
when the head fold and the fore-gut make their appear­
ance by growing cranially, the pleuro-pericardial 
cavity and the "primary" heart rudiment undergo a 
rotation round a transverse axis, with the result that
their
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their positions are reversed, so that the heart rudi­
ment now lies dorsal to the pleuro-pericardial cavity.
The division of the "primary" single transverse 
heart rudiment into two longitudinal endothelial tubes 
is due to the fact that, at this period, the fore-gut 
grows rapidly cranially in length and ventrally in 
width, together with the expansion of the pleuro­
pericardial cavity in all directions, so that the 
transverse heart rudiment which lies between these 
two structures, is at first put on the stretch and is 
subsequently divided across into two endothelial 
tubes, a right and a left. Concurrently with the 
development of the head fold and the fore-gut the 
two dorsal aortae establish their communications with 
the "primary" heart rudiment even before the latter 
is completely separated into two endothelial tubes.
The next phase of development of the heart is 
the appearance of the two separate endothelial tubes, 
one on each side of the median plane. Each tube is 
continuous cranially with the dorsal aorta and caud- 
ally with the vitelline vein. As development proceeds 
they tend to grow towards the median plane and in this 
way the part of the splanchnic wall of the pleuro­
pericardial cavity which lies between them, is pushed 
ventrally. The two tubes remain in contact, but not 
fused, with each other for a time. Owing to the fact 
that the endothelial tubes grow more rapidly than the
pi euro-
pleuro-pericardial cavity, the former are thrown into 
loops which are separated by constrictions. These 
dilatations and constrictions indicate in caudo-cran- 
ial succession the future sinus venosus, the sino­
atrial canal, the atrium, the atrio-ventricular canal, 
the ventricle and bulbus cordis. The most dependent 
and approximating parts of the endothelial tubes are 
the ventricular portions. They incline more to the 
right side of the embryo and are the first to become 
fused and to form the "secondary" single heart tube.
The myocardium assumes the familiar S-shaped 
appearance at a stage when the heart is still in the 
condition of .two separate endothelial tubes. The 
segments and sulci, appearing on the surface of the 
myocardial tube, do not correspond, in any way, with 
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